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INTRODUCTION. 



From a geological point of view India is divided into 
three regions, (x) the peninsular 

Peninsular, extra- area in which there are no moun- 
pemnsutar, and Indo- 

Gangetic regions. tains in the true sense newer than 
palaeozoic, (2) the region of rela- 
tively recent mountains upheaved in tertiary times, 
constituting the ranges of the Himalaya, Baluchistan 
and Burma, and (3) the great Indo-Gangetic alluvial 
plain. These divisions are intimately connected with 
the physiographical history of the countries that now 
constitute the Indian Empire. In the Peninsula all 
the rocks of Upper Palaeozoic age, or newer, are either 
horizontal, or dipping at comparatively low angles. 
The principal type of disturbance that has affected 
the peninsular area since the Upper Palaeozoic is the 
formation of elongated almost rectilinear trough faults 
which are of paramount importance in the mineral 
resources of India, as they account for the formation 
and preservation of the Indian coal-basins. The central 
and western portion of the peninsular area is occupied 
by an enormous outcrop of heavy, black, volcanic 
rocks known as the Deccan Trap. It constitutes flat- 
topped hills, bruit of piled-up flows of basaltic lava, 
which have remained almost undisturbed since they 
were erupted in cretaceous times. The faulted troughs 
constituting the coal-basins occupy relatively small 
areas, principally in the eastern and north-eastern part 
of the peninsular region. Outside of these coal-basins 
the rocks constituting the peninsular area, wherever 
they are not concealed by the Deccan Trap, are mostly 
of palaeozoic or older age, with the exception of a fringe 
of cretaceous and tertiary strata at some points along 
the sea coast. These coastal formations include the 
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only fossiliferous marine sediments of the peninsular 
area. The absence of such beds from the remainder of 
the peninsula indicates that this portion of India has 
been a continental area ever since the earliest geological 
times, and is one of the oldest land areas of the globe. 

The rocks constituting the extra-peninsular area, 
that is, the mountain ranges of the Himalaya, of Balu- 
chistan and of Burma, contain, in addition to a sub- 
stratum of rocks identical with some of the older ones 
of the peninsula, numerous representatives of marine 
fossiliferous strata of almost every geological age from 
Cambrian to Tertiary. The area remained mostly 
occupied by the ocean until late m Tertiary times, 
when the upheaval of the Himalaya was completed. 

The great Indo-Gangetic plain, which now connects 
the essentially different peninsular and extra-penin- 
sular areas, consists of alluvial soil mostly derived from 
the disintegration of the Himalaya, whose rapid accu- 
mulation has finally obliterated all remnants of an arm 
of the sea which might still have subsisted between the 
two areas. 

The following are amongst the most important geo- 
logical formations represented in India: — 

Newer river alluvium. 

Recent and Pleistocene volcanoes. 

Older river alluvium and raised beaches of 
Pleistocene age. 

Siwalik System of Upper Miocene and 
Pliocene age. 

Pegu or Mekran System (petroliferous series) 
of Oligocene and Miocene age. 

Khirthar Series 
Laki Series (Tertiary coal 
measures) 

Ranikot Series 
Deccan Trap, a volcanic formation of 
Upper Cretaceous age. 
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Marine and fluviatile representatives of the 
Upper Cretaceous. 

Marine and fluvio-marine representatives 
of the Lower Cretaceous. 



\ 



Gondwana 
( (fluviatile). 



) 



'Jurassic . . Upper 
Trias . . Middle 

Permian . . Lower 
Marin a __ Carboniferous. 

Devonian. 

Silurian. 

Cambrian 1 ... ,, 

_ , . V Vindhyan. 

IPrecambnan f J 

Kadapah System of Algonkian age. 

Dharwar System of Huronian age. 

Archaean gneisses and schists. 

Each of these divisions indudes several stages or 
substages. 



Owing to the vastness of the area which has to be 
dealt with in a description of the geology of India, it 
often happens that one particular stage is represented 
by very differently constituted formations in regions 
separated by great distances. 

The difference is especially marked between the 
peninsular and extra-peninsular regions which, as 
already mentioned, have had a very different geological 
history ever since Cambrian times. 

' Up to the Cambrian period the Peninsula* or at least 
some parts of it, remained susceptible to orogenic 
influences, and considerable areas received marine 
sediments, mostly unfossiliferous, the analogues of which 
can be recognised in the extra-peninsular mountainous 
regions. After the Cambrian the peninsula remained 
a continental area and no longer received any marine 
sediments except along the coastal regions. Neverthe- 
less, in some instances, fluviatile sediments were laid 
down in the centre of the Peninsula contemporaneously 
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with certain marine beds of the extra-peninsular moun- 
tains or the coastal regions. In consequence of such 
a difference of origin, the several contemporaneous 
formations, peninsular and extra-peninsular or coastal, 
differ widely in their characters and have been des- 
cribed under separate names. A great many local 
names have thus been established by Indian geologists, 
and, although as the regional surveys become linked 
together, many of them must become superfluous 
through synonymy, yet, in some cases, the regional 
character or " facies ” is so special as to demand the 
retention of local names, especially when some doubt 
subsists as to the exact location of a particular forma- 
tion within the standard geological time-scale of 
Europe. 

The contrast between the peninsular and extra- 
peninsular portions of India, is 
DlSt S^ofrocfef ,OUS mainly due, therefore, to their 
essentially different character as 
representing two opposite types of the earth’s crust. 
The extra-peninsular mountainous regions belong to 
the unstable and pliable portions of the earth’s crust 
which are liable to be alternately depressed and raised 
above the surface of the ocean 



Tbe Peninsula an and thus become occupied by 
region* oontineirtal marine sediments, while the Pen- 
insula belongs to the rigid or 
"continental” type, and has had its character of 
stability impressed upon it ever since Cambrian times, 
since when it ,has remained continuously a continental 
area. Consequently the interior of the Peninsula 
carries no marine formations later than Cambrian, and, 
even along the coast, the marine formations are dis- 
continuous and of relatively small thickness, merely 
the stranded remnants left by those great marine inva- 
sions that recurred at several periods of the earth's 
history and are known as “ transgressions.” 
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In the extra-peninsular mountains, in addition to an 
ancient substratum of rocks analogous to the oldest 
peninsular rocks, we observe an enormous thickness of 
marine strata embracing the entire series of the known 
geological formations from Silurian to Tertiary. As 
the floor of the geosyncline upon which they were 
laid down subsided simultaneously with sedimentation, 
the thickness of these formations bears no relation to 
the varying altitudes of the sea-level produced by the 
various geological transgressions and regressions. 

Owing to these initial differences, we often find 
therefore that formations of one 
and the same age are represented 
by three entirely different types : 
first, in the interior of the Penin- 
sula by fluviatile beds which, for reasons that will be 
explained later, may attain a considerable thickness ; 
second, by marine formations of relatively small thick- 
ness along the coastal regions of the Peninsula ; third, 
by marine formations of vast thickness in the geosyn- 
dmal regions. 



Peninsular, coastal 
and extra-penmsular 
facies. 




THE ARCHAEAN. 



The Archaean, if one restricts this name to the rocks 
underlying the oldest undoubted sediments, consists 
essentially of crystalline gneiss- 
Defimsioo. ose roc ]j S that must have solidified 

under conditions quite different from those that 
attended the formation of later rocks. These gneisses 
represent, in part at least, the original crust of the 
globe, when the surface of the originally molten mass 
first began to solidify. 

As in other parts of the world, the Archaean system 
in India is largely made up of rocks whose composition 
„ . and structure resemble those of 

the intrusive rocks of the family 
of the granites or diorites — granular aggregates of 
quartz, felspar (silicate of alumina and of alkali or 
lime), and various ferro-magnesian silicates, such as 
amphibole, mica of certain kinds, or less frequently 
pyroxene. These rocks differ from many of the true 
intrusive granites and diorites of later ages owing to 
the pronounced parallel arrangement of their consti- 
tuting minerals, producing the structure known as 
gneissose. In addition to the parallel arrangement of 
the minerals within the rocks, the whole mass is often 
arranged in parallel layers of rapidly varying composi- 
tion. In some of these rocks felspar is scarce or absent, 
and thus they pass from the condition of gneisses to that 
of crystalline schists. Amongst the most peculiar 
types of this class are the sillimanite s chis ts of O rissa 
discovered by Dr. Walker and named by him * * khon- 
dalites " (Memoirs of the Geological Survey of India, 
Vol. XXXIII) ; also the corundum bed of South Rewa, 
in Central India; the manganiferous garnet-b earing 
schists and gneisses discovered by Mr. L. L. Fermor, 
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and called by him the “ kodurites.” There are many 
outcrops of garnet-bearing mica schists. 

It is possible, though by no means certain, that some 
of the schists, like the Khondalites and Kodurites, 
represent metamorphosed sediments. The chemical 
composition of the sillimanite-schists (Khondalites), 
and of certain mica-schists resembles that of days, 
shales, and dates of sedimentary origin. In many 
instances mica-schists have been traced along the line 
of strike into connection with slates of recognisable 
sedimentary origin. For instance, it has been estab- 
lished m several parts of India that certain mica-schists 
of Archaean appearance often highly metamorphosed 
through their being permeated with granite intrusions, 
are metamorphosed representatives of the sedimentary 
Dharwars. In other instances no such connection has 
been established, and, in the case of the Khondalites, 
their dose proximity to unmetamorphosed Dharwars 
indicates that if they represent transformed sediments, 
these are older than the Dharwars and had already been 
metamorphosed previously to the deposition of the 
Dharwar beds. It is convenient therefore at the pres - 1 
ent stage of the study of Indian geology, to group 
together all the pre-Dharwar rocks as Archaean. 

A certain number of more or less definite types have 
been recognised amongst the 

^.^Arch^ 6 Archaean rocks of India. The 
following types have been recog- 
nised over large areas : — 

i. BUNDELKHAND GNEISS (Mallet, Manual of 
the Geology of India, p. zo, 1879), consisting of massive 
granitic gneisses. 

a. NILGIRI GNEISS or MOUNTAIN GNEISS 
(King, Memoirs of the Geological Survey of India, Vol. 
XVI, p. zas, 1880), consisting of bedded dark-coloured 
gneisses usually of the composition of diorite, and 
generally containing garnets, characterised invariably 
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by the presence of the mineral hypersthene] (normal 
silicate of magnesia, more or less ferriferous) ; also 
known as the CHARNOCKITE SERIES (Holland, 
Mem. G. S. I, Vol. XXVIII, p. 1x9, 1900). 

3. BENGAL GNEISS (Oldham, Mem. G. S. I., 
Vol. I, 1859), consisting of banded and foliated 
gnaiggp« J including mica-schists and other schistose 
rocks interleaved with granitic and dioritic gneisses ; 
(this group is probably heterogeneous). 

4. BEZWADA GNEISS (King, Mem. G. S. I., Vol. 
XVI, p. 205, 1880), consisting principally of banded 
quartzose schists or gneisses characterised by the 
abundance of the min eral sillimamte and the presence 
of graphite , also known as the KHONDALITE 
SERIES (Walker, Mem. G. S. I., Vol. XXXIII, part 3, 
p. 3, 1902). 

The Bengal Gneiss is characterised by its varied 
composition and conspicuously ban- 

Tte Bengal Gneiss. £ e( j structure. It often exhibits 

rapidly alternating layers of sharply contrasted com- 
position, some of which exhibit the characters of 
gneissose granites and diorites, while others are more 
of the nature of schists. The schistose types are very 
numerous, including quartzose, micaceous and horn- 
blendic schists, garnet-bearing schists and metamor- 
phic limestones. 

The Bengal Gneiss almost certainly includes a hetero- 
geneous assemblage of rocks of various ages whose 
association constitutes nevertheless a peculiar type 
characterised by its extremely foliated constitution, 
which it is useful to keep separate in the present classi- 
fication. Detailed studies of certain areas have en- 
abled us to separate from it certain groups of rocks 
such as the Khondalites recognised by Dr. Walker and 
Mr. Middlemiss as identical with the Bezwada Gneiss 
of the East Coast, and it is probable that, with the 
further extension of the present researches, the Bengal 
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Gneiss will eventually be split up into several separate 
systems. 

In addition to its banded or bedded structure that 
distinguishes it from the more massive Bundelkhand 
Gneiss, the Bengal Gneiss is characterised mineralogi- 
cally by the frequency of rocks containing soda fels- 
pars (principally oligodase), constituting therefore 
true diorites, while potash felspars largely predom- 
inate in the rocks of the Bundelkhand type which, 
petrologically, are true granites. 

The Bundelkhand Gneiss, which, in its type area, 
_ J t .. „ usually has the appearance and 

composition of a coarse typical 
pink granite, was once regarded as the oldest rock in 
India. At a time when gneisses were regarded as meta- 
morphosed sediments, the coarseness of crystalliza- 
tion was thought to be related to the degree of meta- 
morphism, and consequently to the antiquity, of the 
rocks. As the oldest rocks of the earth’s crust must 
include representatives of its first definitive consolida- 
tion from its original molten condition, it is evident 
that the Archaean must consist largely of rocks formed 
under conditions different from any with which we are 
acquainted in the present stage of the globe’s history. 
The Bundelkhand Gneiss, when the nature and com- 
position of the rock are considered, closely resembles 
an intrusive granite, but differs from undoubtedly 
genuine granitic intrusions owing to the enormous area 
which it occupies. When the Archaean rocks first con- 
solidated, the primordial atmosphere contained in the 
state of vapour the totality of the water that now forms 
the ocean, the volatile chlorides, as well as a large pro- 
portion of the carbonic acid and oxygen that have now 
been absorbed by various solid rocks. It is quite con- 
ceivable that under the enormous pressure of this pri- 
mordial atmosphere, molten masses may have spread 
out over large areas, and on solidifying assumed the 




( IO ) 



granitic form which at later periods could only have 
been devdtaped under similar conditions of pressure 
and temperature in the depths of the earth’s crust. 
Instead of being older than the Bengal Gneiss, it is 
quite possible therefore that the Bundelkhand Gneiss 
may be resting on a substratum of previously solidified 
rocks. Much of the banded structure of the Bengal 
Gneiss is due to the injection of molten rocks in the 
midst of previously solidified gneisses or schists. Some 
of these intrusions may be contemporaneous in age 
with the outflow of the Bundelkhand Gneiss. Thus, 
the Bundelkhand Gneiss, instead of being the oldest 
rock of the peninsula, may be newer than some parts 
at least of the Bengal Gneiss. 

In the present state of our knowledge it is not pos- 
sible to define exactly the chronological relations of 
these various types. Nevertheless, it is evident that 
they are amongst the oldest rocks of the globe — those 
constituting the series often spoken of as Primordial 
or Fundamental Gneiss. 

Whenever the Bengal Gneiss is contiguous to an 
outcrop of some other geological 
cures of the Bengal series, the latter almost invariably 
?h»hd Gneiss. Bunde1 ’ contains rocks that resist weather- 
ing better than the gneiss itself, 
which consequently occupies the lower ground, the 
adjacent harder series standing out as bills . When 
the Bengal Gneiss, unaccompanied by any other geo- 
logical formation, spreads over an extensive region, it 
is apt to constitute hills usually of irregular outline. 

Where granitoid bands of appreciable width constit- 
ute part of the Bengal Gneiss, they weather into the 
characteristic groups of piled up blocks of huge dimen- 
sions known as tf tors.” The same mode of weather- 
ing affects the Bundelkhand Gneiss, and the analogous 
gneisses of the Deccan. 
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Apart from the extensive regions in the Bombay 
Presidency, in Central India, and 
Archaean Gneisses. m Rajputana, where the Deccan 
Trap or the Vindhyans determine 
the shape of the land, the main features of the Indian 
Peninsula are mainly due to the distribution of the 
various forms of Archaean Gneiss. 

The Nilgiri Gneiss and the Khondalites resist disin- 
tegration and erosion to a remarkable extent, and con- 
stitute all the highest mountains of the Peninsula, 
such as the Western Ghats from Coorg to Cape Como- 
rin, the Ceylon mountains, the Palni, Anamalai, Shev- 
aroy, and Nilgiri hills, and other great hill masses of 
Southern India, the tall range of hills constituting the 
continuation of the Eastern Ghats between the Godav- 
ari and Brahmani, probably also Parasnath hill in 
Bengal. 

The massive granitic gneisses of the type of the Bun- 
delkhand Gneiss usually occupy a plateau-like expanse 
intermediate in altitude between the lofty hills of Nil- 
giri Gneiss or Khondalite, and the low land occupied 
by the banded and schistose gneisses of the Bengal 
Gneiss type. It is especially as the main constituent 
of the great plateau of the Deccan that the massive 
granitic gneisses of the Bundelkhand type occupy a 
conspicuous position in determining the physiography 
of India. 



In its type-area, the Bundelkhand Gneiss constitutes 
principally a plain, surrounded by cliffs of the much 
harder Vindhyan sandstones. This plain is traversed 
by great rectilinear, wall-like ribs of quartz constituted 
by huge veins of that substance many miles in length. 



Quartz-Veins of 
Bundelkhand. 



They give rise to rugged hills, im- 
parting quite a special character 



to the scenery of Bundelkhand, 



and affording great facilities for the creation of arti- 



ficial lakes. 
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Lower Bundelkhand is the principal area of this form 
of gneiss m Northern India. The 
Distribution of Ben- Bengal Gneiss occupies large sur- 

gal Gneiss and Bundel- ° ° 

khand Gneiss. faces m Behar, Manbhum, Orissa, 

Rewa. As regards Southern India 
the schistose gneisses that have been described as Kar- 
natic Gneiss or Salem Gneiss, partly correspond with 
the facies of the Bengal Gneiss, while the facies of the 
Bundelkhand Gneiss recalls that of the massive granit- 
oid red gneiss which prevails in the upland of Southern 
India and has been distinguished under various names 
such as Balaghat or Hosur Gneiss, or Bellary Gneiss. 
Its eastern confines from the Palar to the Kistna are 
almost continuous with the edge of the ghats, and it 
is typically developed in North Arcot, in the Kadapah 
sub-division, in the eastern part of the Bellary district, 
in the Karnul district, and thence all over the eastern 
portion of the Hyderabad Territory up to the higher 
reaches of the Godavari river. It has been largely 
used as a building material throughout Southern India. 
The magnificent buildings of Vijaynagar, in partic- 
ular, are constructed of Hosur Gneiss. 

The Central Gneiss of the Himalaya is in part at least 
of Archaean age, but in the present 
Himalay a. state of the survey cannot always 

with certainty be distinguished 
from intrusive granites of various ages ; neither are the 
available descriptions sufficient to tell whether the 
Bundelkhand Gneiss or Bengal Gneiss facies is more 
particularly represented. Rocks resembling the Nil- 
giri Gneiss have not been recorded Still more scanty 
is our knowledge regarding the Fundamental Gneiss 
in the Burmese and Malay region, though the system 
is there also represented. 

Owing to the conspicuous part which it plays in the 

The Niigiri Gneiss. S^ogy and physiography of 
Peninsular India, and owing also to 
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its remarkable petrological constitution, the Nilgiri 
Gneiss deserves special notice. 

In the bulky hills which it constitutes, the rocks 
show a very distinct bedded disposition, the strata* 
which are sometimes very thick, varying in composi- 
tion and m coarseness of grain. The great hill-masses 
constituted by this rock are often bounded by precipit- 
ous scarps leading up to extensive plateaux occupied 
by rolling downs, and often diversified with natural or 
artificial lakes The peculiar alteration-product known 
as laterite is extensively spread on these plateaux. 

Petrologically the leading features of the rocks con- 
stituting the Nilgiri Gneiss are their dark colour and 
the constant presence of the mineral enstatite or hy- 
persthene, (Fe Mg) SiO s . They very frequently con- 
tain garnet which results from the interaction between 
the hypersthene and the adjacent felspar. The 
reaction is usually accompanied by the separation of a 
certain amount of free silica crystallizing as quartz 
forming micropegmatitic intergrowths with the garnet. 
Some varieties contain quartz as a primary constituent, 
others do not, but even when there is a high proportion 
of quartz, this mineral assumes a dark bluish colour, 
which does not affect the general dark tinge of the 
rock, producing a very different appearance from that 
6f the more familiar types of quartz-bearing rocks, 
such as ordinary granites and diorites. The heavier 
and less siliceous types of the Nilgiri or Mountain 
Gneiss belong to the class of rocks known as “ norites,” 
while the more siliceous ones come nearer to the com- 
position of diorites and granites, from which they differ 
nevertheless owing to the presence of enstatite, a 
mineral characteristic of rocks that have a low percen- 
tage of silica, but generally absent from the usual types 
of highly siliceous rocks, such as normal granites or 
diorites. Amongst these enstatite-bearing rocks, the 
types that most nearly approach a granite in compo- 
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sition have been called by Sir Thomas Holland * ‘ char- 
nockites, ’ * because the tomb- 

Cuarnokkite. stone of Job Chamock, the founder 

of Calcutta, consists of a slab of that rock i 1 the mate- 
rial is much appreciated as an ornamental stone, owing 
to its handsome granular appearance and dark colour. 



The famous sculptures and rock-cut temples of the 
“ Seven Pagodas ” near Chmgleput, south of Madras, 
are carved out of a somewhat abnormal form of the 
Nilgiri Gneiss. Various forms of Nilgiri Gneiss have 
supplied the materials for the gorgeous Hindu temples 
of Chidambaram, Tan] ore, Trichinopoli, and Madura 
in Southern India, and the wonderful ancient Buddhist 
buildings of Anaradhapura in Ceylon. 

The Khondalites (Bezwada Gneiss) which consist 
essentially of quartz, sillimanite 
Bezwada Gneiss an d graphite, are very peculiar 

“ Kbondaine.” rocks. Consisting as they do of 
the most unalterable of minerals, 
they withstand weathering to a remarkable degree and 
contribute with the Nilgiri Gneiss to form the rim that 
borders the peninsula in Vizagapatam and Orissa, 
between the Godavari and Mahanadi. 



In the field the Khondalites have the appearance of 
excessively massive quartzites, weathering to a dark 
buff colour occasionally stained with brown spots 
caused by the superficial decomposition of small gar- 
nets. The famous rock-cut Buddhist “Vihara” of 
Undavilli near Bezwada on the Lower Kistna is carved 
out of a hill of “ Khondalite.” 



1 The name 41 Charnockite Series ” has been used by Sir Thomas 
Holland to designate all the rocks of the Nilgiri Gneiss. When using the 
term in this sense, it should be remembered that Charnockite proper, that 
is bypersthene-gramte, constitutes only an exceptional member of a series, 
the bulk of which is made up of rocks approximating in composition to a 
quartz-dionte. By means of the name '* Nilgiri Gneiss, " it is possible to 
avoid the confusion liable to occur from using the word '* Charnockite ” in 
two different senses. 
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In some parts of Southern India, rocks regarded as 
identical with the Nilgiri Gneiss are said to be intruded 
amongst folded and metamorphosed sedimentary beds 
corresponding with the Dharwar Series. The latter 
identification owing to the degree of metamorphism is 
open to question, and the rocks 
Stratigraphioi reh- may be schistose representatives 
Gne?ss°and h Dha?^. 1 of the Bengal Gneiss. Moreover, 
even if the folded beds were un- 
questionably of Dharwar age, this would not suffice 
to prove that the apparently intrusive rocks is newer. 
In the deepest portions of these ancient folds, solid 
rocks seem to have recovered a certain amount of 
fluidity and to have reacted upon one another, simu- 
lating the effects of contact metamorphism, although 
there may not have been any real intrusion. In South- 
ern India, where the Hosur Gneiss, the local represen- 
tative of the Bundelkhand Gneiss, comes into contact 
with the Nilgui Gneiss, there is some evidence pointing 
to their being both of about the same age, while we 
have the direct evidence of stratigraphical superposi- 
tion to prove that the Dharwars, the local represen- 
tatives of the oldest sedimentary system, are newer 
than the Hosur Gneiss. 

Thus, there is every reason to regard the Nilgiri 
Gneiss as a member of the Archaean System, either of 
the same age as the Bundelkhand Gneiss, or somewhat 
newer. 

A remarkable rock which has been regarded as re- 
lated to the Nilgiri Gneiss is the 

44 Anorthosite,” . , . ,, . 

* anorthosite ' occurring south of 
the Raniganj coal-field in Bengal. It is remarkable 
for the large proportion of the lime alumina silicate 
anorthite which enters into its composition 




THE DHARWAR OR HURONIAN. 

After the consolidation of the onginal crust of the 
globe now constituting the Archaean rocks, a time must 
have come when the temperature was sufficiently lower- 
ed for the vapours contained in the primordial atmos- 
phere to condense and form the ocean. Subsequently 
to this event, the temperature of the earth’s crust 
could no longer vary except within narrow limits, while 
the temperature of the inner core of the globe contin- 
ued slowly to decrease, and is still decreasing at the 
present day. In order to adjust itself to the contrac- 
tion in volume which results from this gradual cooling 
of the earth’s interior, the outer crust became corru- 
gated into ridges and furrows. The inequalities thus 
arising in the earth’s figures became gradually more 
pronounced, and at last some of the troughs absorbed 
so much of the bulk of the waters, that the general 
level of the ocean surface sank below that of the highest 
In this manner the first continents 
appeared, and as their surface 
became at once degraded by at- 
mospheric agencies, true sediments 
began to accumulate in the neighbouring parts of the 
ocean. The gradual deepening of the ocean, and the 
consequent expansion of the continents, by raising 
these earliest sediments above the sea-level, accounts 
for their rapid removal by denuding agencies. Conse- 
quently they have now almost everywhere disappear- 
ed, except where portions of them have been caught 
up amidst the folds of subsequent corrugations, such 
as those which accompany the formation of mountain 
ranges. The increased depth and thickness resulting 
from this compression has saved some of these folded 
portions from being completely removed by denuda- 



ridges or bulges. 



Characters of oldest 
sediments. 
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tion. This is why the oldest sediments of the globe 
are almost entirely restricted to narrow highly com- 
pressed synclines. Consequently their outcrops assume 
the appearance of more or less parallel narrow 
elongated strips, such as is particularly well shown in 
the Dharwar region of Southern India. It is the 
deepest parts of the original synclines that are thus 
preserved, precisely those parts where the combined 
effects of compression and heat have produced the 
most intense degree of metamorphism, and as this is 
often enhanced by the contact effects of igneous intru- 
sions, a crystalline facies may be produced, which it 
is sometimes very difficult to distinguish from that of 
certain forms of Archaean gneisses. 

Amongst the most characteristic rocks of the Dhar- 
wars may be mentioned : haematite-schists, magne- 
tite-bearing schists and massive beds of haematite and 
magnetite ; massive beds of manganese ore ; a great 
variety of more or less altered volcanic beds, princi- 
pally felsites or rhyolites and basic rocks which were 
original basaltic or dolentic, but 
C ° M Dharwars f fche which have mostly been con- 

verted into epidiorites ; homblen- 
dic schists which probably represent metamorphosed 
volcanic ash-beds , various kinds of highly magnesian 
rocks, such as talc-schists, serpentinous limestones, 
potstones ; carbonaceous shales or slates ; boulder 
beds ; highly crystalline limestones and dolomites pass- 
ing sometimes into scapolite-gneisses and pyroxene 
granulites, which appear to be the result of metamor- 
'phism from associated granitic intrusions. 

Single outcrops of this ancient sedimentary series, 
as a rule, do not contain everyone of these forms of 
rocks . for instance, the crystalline limestones so con- 
spicuous in the Jabalpur and Aravalli outcrops are 
almost absent from the Dharwars of Southern India; 
but the different types of rock are always associated 

2 
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in sufficient variety to lend to the formation its char- 
acteristic facies The bulk of the formation usually 
consists of a considerable thickness of dates showing 
every passage from indurated shales through chiastolite- 
bearing slates and semi-crystalline phyllites to 
typical mica-schists often with the development of 
staurolite, andalusite and garnets. When the dates 
are but slightly altered, they are not readily distin- 
guishable from those of some less ancient series of the 
P enins ula, the Kadapah system for instance ; but they 
frequently exhibit the altered schistose facies over 
large areas with a degree of metamorphism which is 
only observed quite locally, if at all, amongst the rocks 
of Kadapah age. 

Granitic intrusions varying in size from large bosses 
to narrow veins are a frequent feature amongst the out- 
crops of these the oldest sediments. Some of the finely 
foliated mica-schists are, as it were, impregnated with 
narrow strings of intrusive granitic material, the com- 
bination thus produced giving readily the impression 
of a gneiss. 

Such instances, as also those of the highly crystalline 
scapolite-gneisses and pyroxene granuktes resulting 
probably from the combined influences of dynamic 
and contact metamorphism,' as 

Met nw^^ n of also the existence of large out- 
crops of highly crystalline mica- 
schists are amongst the circumstances that tend to 
produce confusion between genuine Archaeans and 
altered sediments. Instances have been observed, 
however, where a direct connection can be traced 
between outcrops of highly metamorphosed rocks and 
others in which the alteration is of a much slighter 
degree. Of particular interest in this respect is the 
belt that extends east-west from the neighbourhood 
of Midnapore to that of Nagpur. In the eastern part 
of the outcrop, in Chota-Nagpur, the southern part of 




( 19 ) 



the Dharwar belt consists of unmetaxnorphosed slates, 
sandstones and limestones, dipping at low angles and 
spreading over a broad area, while along the northern 
margin of the belt in this same district the degree of 
alteration is much more pronounced. Further west, in 
Gangpur State, this altered facies affects even certain 
associated rocks of Kadapah age, while still further west, 
towards Raigarh and Balaghat, the outcrops assume 
the usual narrow synclinal structure, and the slates 
are gradually replaced by phyllites in Balaghat dis- 
trict, and by schists and gneisses in Nagpur district. 

Amongst the various rocks of the system, the massive 
beds of manganese ore and the still more massive iron 
ores are particularly characteristic. Similar rocks 
occur in some of the divisions of the succeeding Kada- 
pah, but never in such bulky masses. The brilliantly 
coloured banded jaspers are amongst the most con- 
Banded jasper. spicuous rocks of the oldest sedi- 
ments, but they are equally well 
developed in the succeeding Kadapah. 

The iron ores of the Dharwars are often inter-banded 
with granular quartz, constituting a rock known as 

iron-ores of Dharwars. hematite-quartzite. This rock 
generally withstands disintegra- 
tion better than other members of the Dharwar series 
and consequently it usually constitutes ridges. When 
the rock is unaltered or only slightly altered, the iron 
ore co nsist s principally of haematite ; when it is much 
affected by pressure metamorphism, there is a large 
proportion of magnetite. The iron ore and quartz are 
often accompanied by mica and by the iron silicate 
known as grunerite (FeO’SiO)*, a mineral' related to 
the class of the amphiboles. 

In many instances the banded iron ores are ob- 
scurely associated with basic volcanic rocks. A very 
frequent rock in regions where the Dharwars h|ive 
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been much metamorphosed is a mica-schist or phyllite 
crowded with crystals of magnetite or martite. 

Some of the Dharwar sandstones are very felspa- 
thic and are somewhat of the nature of an arkose. 
Sometimes the felspar after being removed by weather- 
ing, leaves an aggregate of interlocking quartz grains 
held together owing to secondary growths of the quartz. 

Flexible sandstone. thou S h the P^des are capable 
of a certain amount of relative 
displacement * this material constitutes the curious 
"flexible sandstone” which is quarried at Kaliana, 
near Dadri, in Jind, amongst the northern spurs of the 
Aravalli range. 

One is tempted to ascribe the prevalence of felspa- 
thic sandstone to the fact that at the early period of 
the globe’s history during which these beds were deposit- 
ed, the sedimentary materials had not been sorted 
out by repeated cycles of denudation to the same 
extent as in later times . for instance, the sandstones 
of the Mesozoic or Tertiary often represent the re- 
deposited detritus from a pre-existing sandstone ; 
the shales of these latter ages are often the redeposit- 
ed material from a pre-existing shale ; while at the 
time of the deposition of the Dharwars, the sedimen- 
tary rocks were derived directly from the disintegra- 
tion of undifferentiated plutonic rocks. Yet there is 
another agency, by which the presence of undecom- 
posed felspar in a sandstone ,can be accounted for, 
that is, the cold temperature that accompanies a 
glacial period when the silicate grains axe set free by 
disintegration of the rocks without undergoing decom- 
position. The existence of glacial conditions at this 
early period of the globe’s history when one would 
expect that the earth’s crust and the ocean might still 
have been affected by the internal heat, seems rather 
a paradox, and is scarcely in keeping with the occur- 
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Glacial beds of Huro- 
nian age 



rence of such rocks as the banded jaspers which sug- 
gest a warm ocean ; yet this sup- 
position receives a curious sup- 
port from the presence of the re- 
markable boulder beds which occur at certain horizons 
of the Dharwar, and which, owing to the presence of 
large boulders scattered through a fine silty matrix, 
bear an extraordinary resemblance to typical glacial 
formations. 



The pebbles in the Dharwar boulder bedscrnsist 
largely of rocks derived from the Dharwars themselves. 
This shows that the older members of the Dharwars 
had already been upheaved and were undergoing denu- 
dation before the close of the Dharwar period, and 
that, m spite of its homogeneous appearance, the Dhar- 
war System really includes several uncomformable 
divisions. It has not been possible, so far, to make 
out any definite succession otherwise than quite locally : 
the overfolded condition of the synclines renders it 
difficult to detect the true order ol the strata, and the 
synclines are often incomplele on one side owing to 
overthrusts. 

The presence of pebbles of the volcanic felsites and 
rhyolites in the conglomerates of* the Gadag synclinal 
band of the Deccan observed by Maclaren is interest- 
ing as showing that those acid volcanic rocks belong, 
partly at least, to the older stages of the Dharwars. 
It is probable that some of the intrusive granites pene- 
trating the Dharwars are the hypogene (deep-seated) 
representative of these add volcanics. 

At the time when the Dharwars were deposited, 
the areas which they now occupy 

Geosyncimai cbarac- behaved after the manner of geo- 
crops. syndines : that is, the floor of 

the ocean subsided simultaneous- 
ly with the accumulation of the sediments; conse- 
quently, as is usual in a geosynclinal area, the system 
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attains a vast thickness, which in many instances can- 
not be less than 20,000 feet. 

Amongst the rocks that are intrusive in these an- 
cient Aravalli or Dharwar beds, 

Intrudve granites and yfit older than the 

overling Kadapahs, may be men- 
tioned granites, which are of medium grain when the 
intrusion assumes the shape of a compact boss, as in 
the case of rock known as “ dome-gneiss ” in Hazari- 
bagh, or the Erinpura granite in Rajputana, but which 
become extremely coarse-grained pegmatites when 
the shape of the intrusion becomes that of a compara- 
tively narrow dyke. When the pegmatites traverse 
mica-schists, they usually contain marketable mica, 
as in the pegmatite vems of Rajputana, Hazaribagh 
and Nellore. 

Another group of intrusions, probably of the same 

age, consists of some very inter- 

Elseolite-Syenites. , . - . . . - 

estrng rocks containing minerals 

of the group of the felspathoids, such as the elaeolite- 

syenites of Sivamalai hill in Coimbatore (Holland, 

Mem. G. S. I., Vol. XXX, p. 169), of the Vizagapatam 

hill-tracts (Middlemiss, General Report, G. S. I., 

1902-03, p. 25), and the elaeolite-sodalite-syenites of 

Kishengarh in the Aravalli range (Vredenburg, Rec. 

G. S. I., Vol. XXXI, p. 43) 

Petrologically the intrusive granites of Dharwar age 

Tourmaline-granites. often resemble closely some of the 
Archaean granitic gneisses from 
which they can usually be distinguished owing to the 
abundance of the mineral tourmaline. 

The quartz-pegmatites and elaeolite-syenite pegma- 

Rare minerals in titeS often contain minerals of 

pegmatites. interest to science or of value to 

industry. Amongst those found 
in the elaeolite-syenite-pegmatites, are cancrinite 
molybdenite, segerine. The quartz-mica pegmatites 
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have yielded large crystals of beryl sometimes of value 
as gems, gadolinite, columbite, allanite, pitchblende, 
torbemite, triplite, tinstone. 

Many of the remarkable minerals occurring in the 
extreme south of the peninsula and in Ceylon are prob- 
ably derived from intrusive rocks of this same 
period. 

Of the same age are perhaps the * ‘ dunites ’ ’ (rocks 
rich in chrome and magnesia) of the Salem district and 
other parts of Southern India. 

South of latitude xi° there do not appear to be any 

Distribution of the outcro P s of Dharwars. The for- 
Dharwars. mation seems absent also from a 

considerable portion of the Deccan 
plateau in the Nizam's Dominions especially between 
Hyderabad and the upper reaches of the Godavari. 
It is also absent from the hilly region of Vizagapatam 
and Orissa which runs parallel with the coast between 
the Godavari and Mahanadi, and also from the Bundel- 
khand Gneiss area of Central India. 

Elsewhere the Dharwars appear in more or less 
_ , connected outcrops wherever the 

Peninsular represent- r 

atives of the Dharwars. Archaean rocks are exposed. In 

Peninsular India, the principal 
groups of exposure are those of the southern part of 
the Deccan (especially in the districts of Dharwar and 
Bellary, parts of the Nizam’s Dominions, and the greater 
portion of Mysore) ; the Nellore portion of the Car- 
natic ; Chota-Nagpur ; the Balaghat and Nagpur 
regions of the Central Provinces ; the Jabalpur region ; 
Behar, Hazaribagh and Rewah ; the Aravalli range ; 
the Shillong region 

Various names were applied to the different expo- 
sures in the earlier stages of the geological examination 
of India, such as Aravalli series in the range of that 
name ; Champaner series in the southern prolongation 
of the range in Gujarat ; Chilpi series in the Central 
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Provinces ; Shillong series in the Assam plateau ; Dhar- 
war series in the Deccan. Since the recognition of the 
identity of the rocks constituting these various expo- 
sures it has become usual to apply to them all the 
name of Dharwar, first proposed by Mr. Foote. 

In the Himalaya the Dharwars are well developed 
. . both to the north and south of the 

tives of the Dharwars. crystalline axis of Archaean and 
granitic rocks. Along the nor- 
thern border of the crystalline axis they constitute the 
Vaikrita series which underlies the Cambrian Haiman- 
tas ; their characters along this northern zone are 
greatly obscured owing to the effects of metamorphism 
which their position beneath thousands of feet of over- 
lying strata previously to the Himalayan upheaval 
and the compression developed during the upheaval 
itself have superimposed upon their previously acquir- 
ed metamorphism. South of the crystalline axis, there 
is no difficulty in recognising the various Peninsular 
formations by means of their petrological characters. 
The equivalents of the Dharwar system occupy an 
almost continuous band along the southern zone of the 
Himalaya where they have been described under 
various local names, such as the Simla slates and Jaun- 
sar series in the Simla neighbourhood, or the Daling 
series in the Darjiling district. They include most of 
the rocks characterising the series in the Peninsula, 
and are frequently overlaid by the equivalents of the 
Peninsular Vindhyans. 

The Miju ranges at the head of the Assam valley con- 
sist of these same rocks which are no doubt continued 
along the crystalline axis of Burma where they have 
not yet been clearly distinguished from the Archaean 
gneisses and schists. 

The Dharwars are of great economic importance as 
they yield the bulk of the metal- 

Mineral richness of ... . _ ,. 

the Dharwars. liferous ores of India. They con- 
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stitute the chief auriferous series, and most oi the 
ores of iron, manganese, and copper occur in connec- 
tion with them. 

The Dharwar gold occurs either m quartz veins or 
Gold as alluvial gold derived from the 

disintegration of the auriferous 
veins. The deposition of gold in the veins bears some 
obscure relation to the carbonaceous matter widely 
distributed in the Dharwar shales or slates, and to hy- 
drothermal agencies that accompanied the various 
periods of volcanic activity indicated by the presence 
of neighbouring volcanic outflows or intrusive dykes. 

The quartz veins are of two kinds, and consist either 
of dark-coloured “blue-quartz/’ or of white quartz. 
The veins of blue quartz already existed previous to 
the final compression of the Dharwars, and therefore 
show signs of crushing and crumpling. The white 
quartz veins appear to be nearly or quite undisturbed 
and must be therefore of post-Dharwar age. 

It is evident therefore that the gold which occurs 
in connection with the Dharwar outcrops is not all of 
one age, and, as suggested by Madaren, the gold in the 
blue quartz was probably deposited in connection with 
volcanic phenomena of the Dharwar period of volcanic 
activity, while that in the white quartz is probably 
connected with the Kadapah volcanics. 




THE KADAPAH SYSTEM, OR ALGONKIAN. 



The orogenic effort that folded the Dharwars, has 
powerfully affected the Indian Peninsula. Later 
efforts of the same kind have been comparatively 
feeble, the latest of these not being later than the Older 
Palaeozoic era. 

The peninsular rocks that have been affected by oro- 
genic movements in post-Dharwar times belong to two 
successive systems known as the Kadapah and Vin- 
dhyan, whose geological age roughly corresponds res- 
pectively with the Algonkian and 

Post-Dharwar oroge- Camb rian . The orogenic effort 

me disturbance in the 

Peninsula. that has affected them acted in- 

termittingly, for, when the Kada- 
pah and Vindhyans occur together, one observes that 
the older system has been more violently contorted 
than the newer one. Moreover, both the Kadapahs 
and Vindhyans are divisible into several stages, the 
older of which are generally distinctly more disturbed 
than the later ones. Orogenic phenomena must there- 
fore have affected the peninsula from time to time 
throughout the period of deposition of the Kadapahs 
and Vindhyans. 

The zones of weakness of the peninsula that yielded 
to compression in Vindhyan and Kadapah time are 
very narrow as compared to the vast areas over which 
the rocks were contorted in the preceding Dharwar 
era. 



In Kadapah and Vindhyan times, the greater part 
of the Peninsula had already acquired the character of 
stability and rigidity which it has maintained through- 
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out all succeeding periods . the mountains of Kadapah 
and Vindhyan age were upheaved 

Degree of diatuib- along certain zones where the 
ance of Kadapah and ... 

Vindhyan rocks. earth s crust still preserved a 

residue of the flexibility that had 

characterised much larger portions of the peninsular 

area in Dharwax times. As a consequence of these 

structural differences, it follows that, while, on the one 

hand, in the case of the Dharwars, broad low-dipping 

outcrops are very exceptional, the rocks generally 

appearing as narrow compressed synclines, on the 

other hand, in the case of the Kadapahs and Vrndh- 

yans, the rocks usually spread with low angles of dip 

over considerable areas, and only appear highly tilted 

and contorted along a few zones of special disturbance. 

The commonest type of outcrop observed amongst 
the Kadapahs and Vindhyans is that of a broad 
crescent-shaped expanse along the convex side of which 
the strata dip gently away from the underlying gneiss, 
while along the concave margin the rocks are tilted at 
high angles and contorted, and 

Characters of Kada- often exhibit overfolds and re- 
pah and Vindhyan out- 

crops. versed faults indicating a thrust 

directed from the concave towards 
the convex side. The broad expanse of low-dipping 
rocks occupies the rigid portion of the crust that has 
stood as an obstacle to the orogenic compression, and, 
as in the case of mountain systems of later age, the 
convexity of the mountain border is turned towards 
the rigid obstacle. Both the convex and concave 
sides, the latter especially, coincide to a certain extent 
with original limits of deposition, and one frequently 
notices that the rocks increase in coarseness and that 
sandstones and pebble beds become more prevalent 
on approaching their borders, especially the concave one. 

The zone adjacent to the concave side of the great 
crescent-shaped outcrops above mentioned represents 
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a region oi special elevation, and was once occupied by 
the mountain ranges whose disintegration supplied the 
materials that accumulated to form the Kadapah and 
Vmdhyan sediments. It is only from the geological 
peculiarities of their structure that these zones can be 
recognised as former mountain ranges. The long ages 
of continued subaerial denudation that have affected 
the P eninsula since early palaeozoic times have reduced 
these ancient mountains to the same average level as 
the surrounding country. 

The present topography is entirely determined by 
differences of hardness between the various strata, 
the massive sandstones standing out as scarped ridges, 
the softer shales occupying the intervening valleys. 
The sandstone escarpments are often quite as lofty 
where the beds dip at low angles along the convex 
border of the great crescent-shaped outcrops as along 
the opposite concave border where, in former times, 
there stood great mountain ranges. 

The most typical of the Kadapah outcrops is that 
from which the system derives 

K^ P ah re roote- the name> P 31 * it occupying the 
Vdhkonda hiiisf * e distnct of Kadapah in the eastern 

part of the Deccan. The highly 
compressed rocks of the easten concave border con- 
stitute the Vellikonda hills which form a part of the 
Eastern Ghats A very similarly disposed outcrop 
occupies the plain of Chhatisgarh 

Ka chbatisgaS ° f “ the Central Provinces. The 
eastern border cf the Aravalli 
ranges shows admirably the curved shape of these 
ancient mountain ranges. Only, while in the Kada- 
pah and Chhatisgarh regions the thrust is mainly 
directed from east to west, in the Aravalli region it has 
acted in the opposite direction, and a vast expanse of 
almost horizontal strata, partly Kadapah, but mostly 
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Vindhyan, lies east of the zone of overthrusts affecting 
the Vindhyans, that fringes the Aravallis. 

A similar disposition is observed along the valleys 
of the Son and Narbada south of 
the escarpment constituting the 
geographical feature known as the 
In this case the direction of thrust 
is between north and north-east. 

It is worthy of notice that the zones of disturbance 
which, in Kadapah and Vindhyan times, must have 
been regions of special upheaval, in several instances 
coincide with the zones of depression along which the 
crust of the earth subsided at a subsequent period 
* between the trough faults that allowed the accumu- 
lation of the Gondwanas. It seems as though the 
degree of compression had “ overshot the mark,” and 
had to be compensated by a subsequent relaxation. 

The bulk of the Kadapah system consists of shales 
and limestones. Slaty cleavage, varying in degree, is 
often observed in the shales, but the limestones never 
acquire the cryst allin e texture that is so common in 
the Aravalli system. As might be expected, the Kada- 
pahs are intermediate between the older Aravallis or 
Dharwars and the newer Vindhyans, not only in point 
of the degree of alteration, but also m the nature of 
the rocks constituting the two groups. The shales 
which are often calcareous, and the somewhat thin- 
bedded limestones are essentially similar to those of 
the Vindhyan formation, but the Kadapahs also con- 
tain some of the characteristic Huronian rocks, such 
as the manganese and iron ores, and the banded jas- 
pers. It is only the latter, however, that are equally 
well represented in both formations. These bright- 
red jaspers have been extensively used in the inlaid 
decoration of the buildings of Delhi and Agra. 

There are two main divisions of the Kadapah, each 
consisting of several series separated from one another 



Kadapah rocks of the 
Son-Narbada valley. 



Vindhyan range. 
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by unconformities. The rocks resembling some of the 
Huronian beds, such as the banded jaspers, are spe- 
cially abundant in the Lower Kadapahs, while the 
Upper Kadapahs are more like the Vindhyans. 

Of the two sub-divisions of the Lower Kadapah, 
the lowermost known as the Papaghni Series has been 
observed only in the type area of the Kadapah system 
in Southern India. The upper member of the lower 
Kadapah, known as the Bijawar Series, is widely dis- 
tributed throughout India, and is easily recognized on 
account of its association with a 

V B.'“war Jtenesf grand volcanic outburst, the pro- 
ducts of which consist of basic 
lavas, sills and ash-beds intercalated amidst the Bija- 
war sediments, and intrusive dykes and bosses of the 
same composition penetrating through rocks of greater 
age than the Bijawars. These dykes are interesting 
as being probably the original home of the Indian dia- 
monds, now found as derived pebbles in the later Vin- 
dhyan conglomerates. 

The commonest types of rocks of the Bijawar vol- 
canics are augite-basalts with or without olivine. The 
less basic types without olivine often contain a remark- 
ably large amount of micrographic quartz which is of 
such frequent occurrence in localities far distant from 
one another that it must be regarded as a primary con- 
stituent (Holland, Rec. G. S. I., Vol. XXX, p. 16). 
When these rocks have been subjected to intense 
pressure, they have been transformed into epidiorites 
(Vredenburg, Mem. G. S. I., Vol. XXXI, p. 70). 

The Bijawars were first described in the State of 
that name in Bundelkhand (Medlicott, i860), and were 
subsequently identified south of the Son River in Rewa, 
and north of the Narbada River in Dhar Forest. In 
the type-area of the Kadapahs, where their identity 
with the Bijawar Series was not at first recognized. 
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they were described under the name of Cheyair, t and 
near Gwalior they were called the Gwalior Series. 

The Penganga beds of the Pranhitd Valley also appear 
to belong to this same horizon. 

The Bijawar, owing to its characteristic combination 
of volcanic rocks and banded jaspers, is the only stage 
of the Kadapah that can readily be identified from one 
place to another in the present state of geological in- 
vestigation. When this stage is missing or is not typi- 
cally developed, it becomes very difficult to establish 
any reliable order of succession in the Kadapahs. 

The Upper Kadapahs are represented in the type- 
area of the Kadapahs by the 

Upper Kadapah. „ - . _ ~ 

Nallamalai and Kistna Senes. 

The Kaladgi beds between Belgaum and Kaladgi are 

perhaps also of Upper Kadapah age. 

In the Himalayan region there occur certain rocks 
somewhat resembling the Kadapahs, but the charac- 
teristic banded jaspers have not been met with, and, 
whilst the occurrence of the posx-Kadapah system 
known as the Vmdhyan can be established almost 
from end to end of the Himalaya, it is not possible to 
pomt out any undoubted representatives of the 
Kadapah. 




THE VINDHYAN SYSTEM AND THE 
CAMBRIAN. 



The Vmdhyan System named after the Central 
Indian highland that extends 
aids5 e fS north of the Narbada, Son, and 
Damuda, and south of the Jumna 
and Ganges, is a vast formation presenting two prin- 
cipal facies, one mainly characterized by limestones 
and calcareous shales, the other by enormously mas- 
sive sandstone. As a rule, the Vmdhyan strata dip 
at low or very low angles, and axe even less disturbed 
than the Kadapahs Yet, along the south-eastern 
border of the Aravalli range, and in those places where 
the Kadapahs themselves have been conspicuously 
disturbed, the Vindhyans have also been affected 
by folding and overthrust, indicating that they too 
have shared in the mountain-form- 
Degree of disturb- ing disturbance. Even in such 
m the Pemr;su!a dhyai:is localities they are not affected to 
the same degree as the Kada- 
pahs, and it is evident that the main phase in the 
disturbance of the Kadapah had been completed before 
the deposition of the Vindhyans, and that the Kadapahs 
had been greatly denuded in the interval. 



In their type-area, which covers an immense terri- 
tory from Dehri-on-Son to Hosh- 
Tb ' V, ^SL" aagabad and to Gwalior, and from 
there to Agra and to Neemuch, 
the Vindhyans consist of four main divisions : a lower 
division exhibiting t^ie calcareous facies which is 



known as the Lower Vindhyans ; an overlying division 
consisting of two enormously massive sandstones 
known under the names of Kaimur and Rewa, separ- 
ated by some subordinate shales ; another division 
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mainly calcareous and similar to the Lower Vindhyans 
which is known as the lower Bhanders, and lastly, an 
uppermost division of massive sandstones known as 
the Upper Bhander. The calcareous divisions average 
some 1,500 feet in thickness each, the sandstone ones 
about 500 

The Vmdhyan shales are frequently carbonaceous. 
Conglomerates occur at various horizons within the 
Vindhyans ; the most constant is situated at the base 
of the Kaimur sub-stage and 
Kai merat°e" Kl ° often overlaps the Lower Vin- 
dhyans which, in some instances, 
had already to some extent been tilted and corrugated 
before the deposition of the Upper Vindhyans. In the 
Himalayan region the presence of conglomerates of 
Vindhyan age has given rise to a certain amount of 
confusion owing to their having been mistaken for the 
Talchir boulder bed of Gondwana age, and perhaps for 
other similar beds belonging to the Dharwars. 

A remarkable group of highly siliceous volcanic rocks 
Sabalgarh limestone. Var 3 ™g fr ° m r hy 0 liteS to quartz- 

andesites occurs in the Lower 
Vindhyans. Some of the limestones both in the 
Lower Vindhyans and in the Lower Bhanders exhibit 
a curious concretionary structure of spherules one to 
three centimetres, in diameter, consisting of variously 



coloured concentric shells in a matrix of a different 
colour. When the tints are vivid as in the case of the 
Sabalgarh stone near Gwalior, a strikingly beautiful 
material is produced which deserves to be more widely 
known. It has been largely used in the inlaid deco- 
ration of the buildings at Agra. Amidst the pebbles 
of certain Vindhyan conglomerates in Bundelkhand 
and in Southern India, there occur diamonds (the 
Banna and the Golcpnda diamonds) probably derived 
from the denudation of the basic volcanic dykes of 
Bijawar age. 



3 




( 34 ) 



There are several other outcrops besides that ot the 
type-area of Central India, though none of them are so 
extensive. The Lower Vindhyans together with the 
Kaimur-Rewa sandstones are well represented in the 
Dhar forest (Nimanpur district) north of the Narbada, 
and in Western Raj put ana, the latter exposure exhib- 
iting a particularly fine development of the volcanic 
beds of the Lower Vindhyans, locally known as the 
Malani beds from the State of that name. 

In connection with the Malani rhyolites, there occur, 
in Western Rajputana, granitic bosses representing 
the hypogene (deep-seated) por- 

JfSKS.iwS£ of 1116 options. 

Rajputana. They have been classified by La 

Touche as Jalor Granite, a 
rock containing both hornblende and biotite-mica, 
and Si wan a Granite, which contains hornblende but 
no mica. 



All the other Vindhyan outcrops of the peninsula 
consist mostly or entirely of Lower Vindhyans. They 
constitute the “ Kamul Series ” of the district of that 



Other outcrops of 
Vindhyan age. 



name and of the Bhima Valley. 
The Sullavai sandstones of the 



Godavari Valley perhaps belong 
also to the same formation, unless they represent the 



sandstone and shale formation known collectively as 
the Red Shale Senes in Rewa, where it underlies the 



Lower Vindhyans, and might almost be regarded /is an 
oldest member of the Vindhyan System. Amongst 
the mountains of Northern India, the Vindhyans 
are represented by the Deoban Series near Chakrata, 
the Krol Series and Infra-Krol of the Simla area, the 
Haimanta of the Northern Himalaya, the Attock 
Series of the Punjab, and a portion of the Panjal Sys- 
tem in Kashmir. 



Of these extra-peninsular occurrences, the Attock 
Series corresponds more particularly with the Lower 
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Vindhyans, the Krol Series more particularly with the 
Upper Vindhyans. The Haimanta probably includes 
both. Lithologically, the Himalayan representatives 
of the Vindhyans are distinguished from the penin- 
sular rocks owing to a greater development of the 
limestones and shales and a more subordinate pro- 
portion of sandstone. 



The Vindhyan limestones constitute a valuable 
source of lime, while the sand- 

Buiidmg materials. stones have yielded the material 

for the masterpieces of Indian art from the time of 
Ashoka to the present day. Amongst the buildings 
of Vindhyan sandstone may be mentioned the Bud- 
' dhist stupas of Baxhut, S&nchi, and Samith, the ex- 
quisite temples of Kajraha, the palaces of Gwalior, 
Delhi, Agra, Fatehpur-Sikri, Amber, Dig, the magni- 
ficent Jumma Masjids of Delhi, Agra, and Lahore. 
According to which beds are selected, it is possible to 
obtain monoliths of Egyptian magnitude, or flags of 
the thinness of dates. Such a variety of excellent 
material is obtainable that, in certain parts of India, 
public buildings and private dwellings, from the floor- 
ing to the walls and to the rafters and ceilings are built 
entirely of stone. Large quantities of railing posts 
are manufactured out of Vindhyan sandstone, and, 
until a few years ago, it was the usual material for tele- 
graph posts. 

In addition to tracts of animals of uncertain zoologi- 
cal a ffin ity discovered by La 

Vindhyan fossils. _ , . _ , _ 

Touche m Rajputana (Rec., G. 
S. I., Vol. XXXV, p. 248) the only distinct fossils as 
yet observed in the Vindhyans of the Indian Peninsula 
are certain small chitinous discinoid discs discovered 



by Mr. H. C. Jones in the neighbourhood of Neemuch 
in Central India in shaley beds which appear to belong 
to the Lower Bhander stage. They resemble certain 
Cambrian fossils from America and from Scandinavia. 
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In the Salt Range, the lowest formation exposed 
consists of a series of Cambrian 
Cambrian of the Sait sandstones, shales and limestones, 

whose lithology agrees so exactly 
with that of the Vindhyans as to leave scarcely room 
for doubt as to their identity Just as in the case of 
the P eninsula , the Cambrian of the Salt Range is dir- 
ectly succeeded by strata of Upper Carboniferous or 
Permian age, and the intervening members of the Pal- 
aeozoic are absent. 

The system is well developed in the eastern portion 
of the Salt Range, where its principal members are a 
purple sandstone, an arenaceous dolomite, and a group 
of bright-coloured shales with casts of salt crystals. 
The lower member, the Purple Sandstone, and the 
uppermost shales are quite unfossihferous, but numer- 
ous fossils have been found in a band of shales inter- 
vening between the Purple Sandstone and the arena- 
ceous dolomite. Lithologically the Purple Sandstone 
agrees with the Kaimur or Rewa sandstone, while the 
remaining beds appear to represent the Lower Bhander, 
the same beds therefore that have yielded fossils near 
Neemuch. The Salt-Range fossils are of Middle Cam- 
brian age, and indude representatives of the most char- 
acteristic of the Palaeozoic fossils, the curious Crus- 
tacea known as trilobites. They were discovered by 
Dr. Warth in the year 1888. They belong to the 
genus Redlichia which characterizes the Lower and 
Middle Cambrian. In the sections of the Eastern Salt 
Range, the Purple Sandstone is seen resting on a great 
mass of unstratified day, in the midst of which are 
situated the layers of salt from which the mountain 
range derives its name. But the structure of the 
range is one of extensive overthrust faulting, and it is 
probable that the Salt Marl is not in its normal situa- 
tion with reference to the Cambrian strata, but is 
really much newer, and Tertiary in age. 
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Upper Cambrian fossils were discovered by Mr. 

Hayden m the upper portion of 
Cambnan of spiti the Haimanta System of Spiti 

during the year 1898. These fossiliferous beds, whose 
aggregate thickness is about 1,000 feet, consist of 
slates with some quartzites and dolomites. They 
overlie with apparent conformity some 3,000 or 4,000 
feet of unfossiliferous strata recalling the Upper Ka- 
dapah, and consistmg of slates, some of which are fer- 
ruginous and carbonaceous, and of quartzites. These 
unfossiliferous beds may perhaps represent the Middle 
and Lower Cambrian. Amongst the fossils discovered 
by Mr. Hayden, there are trilobites belonging to the 
genera Ptychoparta, Dikelocephcdus and Olenus. 




MARINE REPRESENTATIVES OF THE SILURIAN, 
DEVONIAN AND CARBONIFEROUS. 



In the Peninsula, the Salt Range, and the Outer 
Himalaya, there is a great hiatus 
^System? 411 between the Cambrian and the 
Upper Carboniferous or Permian. 
To the east and west of the Himalaya, the mountains 
of the Arakan Yoma on the one side, and of Baluchis- 
tan on the other, do not show any rocks older than 
Permian or Upper Carboniferous. In order to find 
typical representatives of the missing formations, we 
must travel northward beyond the great crystalline 
axis of the Himalaya, or else eastward beyond its pro- 
longation in the Shan States of Burma. 

In the Northern Himalaya, in Spiti, the Upper 
Cambrian is unconformably succeeded by an unfos- 
siliferous quartzite, about 1,500 feet thick, succeeded 
by highly fossiliferous limestones and calcareous shales 
of a total thickness of some 500 or 600 feet. Amongst 
the leading fossils are a number of tnlobites belong- 
ing to the genera Ckeirurus, Illcenus, Asaphus, Caly- 

. .... mene, and numerous corals, cys- 

SllULTlflU Of Spiti# * • j * 4 • _ , 

toids, brachiopods and gastro- 
pods. The fossiliferous beds include both Lower and 
Upper Silunan horizons (Caradoc to Wenlock). 

In the Northern Shan States of Burma the Lower 
Silurian Of Burma. Silurian is represented by shales of 
various colours with thick bands 



Silurian of Spiti. 



of limestones, containing numerous cystideans, bryo- 
zoa, brachiopods and trilobites belonging to the genera 
Remnopleurides, Calymene, Pltomera, Sphcerocoryphe ; 
and the Upper Silurian consists of strata exhibiting 
two different facies: an arenaceous facies (Namhsim 
Sandstone) containing numerous brachiopods, and 
some trilobites of the genera Illcenus , Encrinurus, 
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Calymene, C heir urns, Phacops ( Dalmanites ) ; and a calca- 
reous facies (Zebingyi Beds), with graptolites, brachio- 
pods, cephalopods, and trilobites of the genera Phacops 
and Dalmcmites. The Namhsim Sandstones are princi- 
pally of Wenlock age, the Zebingyi Beds slightly newer. 

The Panjal System of Kashmir probably contains 
p • 1 Svstem representatives of the Silunan, but, 
J up to now, they have not been 

differentiated. 

The Devonian System is doubtfully represented in 
_ _ _ those portions of the Northern 

Himalaya that have been surveyed 
in detail. In the Spiti region, the Muth quartzite, an 
unfossiliferous band, some 500 feet thick, and an over- 
lying group of limestones between 

beds° U ^n Ul SpU?™ The 300 4°° feet in thickness, 

Muth quartzite. may possibly represent the Devo- 

nian, the only reason for this 
supposition being that they overlie beds of undoubted 
Silurian age, and underlie Lower Carboniferous strata. 

The unconformable break at the base of the Permian 
which is so marked in the regions of Peninsular facies, 
also affects the northern zone of the Himalaya, though 
to a less pronounced extent : not only is the Carbonif- 
erous sometimes absent in the Spiti region, but in a 
few instances the Muth quartzite itself has been denu- 
ded away previous to the deposition of the “ Productus 
Series ” of Permian age. 

Fossils of undoubted Devonian age have only been 

found in Chitral and in the Nor- 
Devoman of Chitral. _ , , . . ... 

them Shan States, but in neither 
case has the stratigraphy been completely worked out. 

The great marine transgression of the Middle Devo- 
nian is as well marked in the Northern Shan States as 
in many other parts of Asia. The 
^SshMStotM?' Padaukpin limestone of the Nor- 
thern Shan States has yielded the 




( 40 ) 



richest Devonian fossil fauna as yet discovered m 
south-eastern Asia. It corresponds with the fauna of 
the Calceola stage of Europe (lower part of the Middle 
Devonian, or Eifelian) , especially with that of its 
upper portion. Over 160 species have been described, 
mostly corals, bryozoa and brachiopods, nearly half 
of which are identical with European species. The 
facies is identical with that of the brachiopod and 
coral limestones of the Hildesheim basin. The com- 
monest brachiopods are Strofheoclonta interstrialis 
var. birmamca, Orthothetes umbraculum, Cyrtina hetero- 
clita, OrtJns striatula, and various species of Atrypa. 
The commonest corals are Calceola sandakna, Cyatho- 
phyllum cerahtes, Alveolites suborbiculans, Pachypora 
reticulata, Microplasma fractum, Coemtes eschar oides. 
The leading types of bryozoa are Fenestrapora isolata 
and Hemitrypa inversa . 

The Wetwin Shales of the Northern Shan States also 
•nr * • c-v. , contain a Devonian fauna which 
exhibits a much closer relation 
to the American Devonian fauna than in the case of 
the Padaukpin fauna. Judging by their fauna, the 
Wetwin Shales belong to the Upper Devonian, or the 
upper part of the Middle Devonian, the “ Hamilton 
Stage ” of America. The fauna is not so rich as that 
of Padaukpin. The most abundant fossils are the 
Mollusca, the commonest species of which axe Janeia 
birmamca, Palaoneilo cf. plana. Bellerophon shanen- 
sis. Amongst the brachiopods, Chonetes subcancd- 
lata is particularly abundant. 

In the region adjoining the lower part of the Spiti 
valley, there intervenes between 
^ eumsf sph? 0n,f ' the presumed Devonian and the 
Permian conglomerate a group 
of shales whose aggregate thickness amounts to over 
4,000 feet. In this particular case there seems to be 
a gradual passage upwards into the Permian conglom- 
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crate, and it seems that the usual unconformity is 
locally bridged over, the whole of the Carboniferous 
System being present in this particular section. 
Where the maximum thickness is exhibited, the Carbon- 
iferous beds underlying the conglomerate have been 
divided into two sections, each of which is about 2,000 
feet thick. The lower division named the Lipak 
Series is mainly calcareous and shaly, and contains 
numerous fossil brachiopods, amongst which may be 
mentioned several species of Producfus, and the typi- 
cally Lower Carboniferous Syringothyris cuspidata, 
numerous mollusca, and trilobites of the genus PhU- 
lipsia. The upper division known as the Po Series 
consists of quartzites and shales. It contains two 
sub-divisions, a lower one with a few fossil plants that 
seem identical with certain plants of the ' ‘ Culm * ’ of 
Europe and Australia (Lower Carboniferous), and an 
upper sub-division with marine fossils, amongst which 
one notices numerous Bryozoa. These upper beds 
have been named the * ‘ Fenestella shales * ’ from the 
leading genus of Bryozoa. They are closely connected 
with the overlying conglomerate, and belong probably 
to the Upper Carboniferous. 

In the district of Rupshu, in the neighbourhood of 
Spiti, the Lower Carboniferous appears to be repre- 
sented, but the beds have been much altered by com- 
pression and by the contact effects of granitic intru- 
sions, so that the fossils are to a great extent obliter- 
ated. 

Throughout the entire length of the Himalaya, and 
beyond its western extremity in 

Lower Carboniferous T -r * . . 

volcanic formation. H322LT2L, dlld 1H tfa.6 ChlllGSG pTOV“ 

inces situated beyond the eastern 
frontiers of India, one observes at many places a vast 
development of volcanic rocks whose exact age, in 
many instances, cannot be defined any nearer than as 
intermediate between Cambrian and Permian. In 
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Hazara and in the Outer Himalaya, these volcanic 
rocks rest immediately upon the Krol system, the 
equivalent of the Cambrian Vindhyans, and are over- 
laid by strata of various ages from rhaetic or lias 
to tertiary. In Kashmir they are associated with lime- 
stones con taining Lower Carboniferous fossils and are 
immediately overlaid by the Permian. 

Subsequently to the Cambrian, the Peninsular and 
Extra-Peninsular regions part company in their geo- 
logical history. We have already 



Geological History of noticed that after the Cambrian 
India during the Upper the ocean ceased to overflow the 

Carboniferous, Per- _ , 

mian and Mesozoic areas of Peninsular facies, and that 
Periods. . . . . , 

there are no formations inter- 



mediate in age between Cambrian 
and Upper Carboniferous, either in the Peninsula proper 
or along the greater part of the Outer Himalaya where 
the Peninsular facies prevails. It is only quite dose to 
the western extremity of the Himalaya., where the range 
loses somewhat of what might be called its abnormal or 
“ Himalayan ” character, that we observe outside the 
central crystalline axis, marine representatives of 
the Lower Carboniferous, and probably of the Silurian 
in the “ Panjal ” System of Kashmir. 

Towards the end of the Middle Carboniferous, there 
occurred ajn extensive orogenic up- 
in^boniSrous rimes heaval in many parts of the globe. 

Mountains, which denudation has 
now removed, were upheaved to an altitude compar- 
able with that of the highest ranges of the present day, 
and there are indications of the existence of glaciers. 
Except where sedimentation continued uninterrupted 
in places that remained unaffected by these movements 
of the earth’s crust, we find, therefore, a well marked 
stratigraphical break at the base of the Upper Carbon- 
iferous, which usually rests un conformably on the 
underlying rocks. The junction is usually indicated by 
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an unconformity-conglomerate, which often exhibits 
peculiar characters indicating glaciation. This break 
is particularly conspicuous in India where the Lower 
Carboniferous is unknown except in the Himalay an 
exposures just mentioned. With this exception the 
Upper Palaeozoic, almost everywhere in India, com- 
mences with a peculiar boulder bed which supports 
an extensive series of Permian strata. 

The Carboniferous System in Europe was originally 
established in order to include all the Palaeozoic coal 
measures of that country. But it has been found on 
closer study, that in Europe, there is a break just as 
pronounced and quite as general as in India, above the 
Middle Carboniferous and that it is situated at the 
same horizon. 

After the great upheaval of the Middle Carbonifer- 
ous, the crust of the globe remained comparatively 
quiescent until the middle of the Tertiary era. 
Throughout the intervening periods we cannot, there- 
fore, avail ourselves of any marked stratigraphical 
unconformities to establish divisions through that 
long series of ages. There are, however, indications 
of certain universal or widespread alterations in the 
relative level of the ocean that have left their mark in 
the stratified record, and that greatly assist in demar- 
cating lines of division. Whenever the level of the 
ocean was comparatively high, its sediments invaded 
certain, areas that had previously been continental. 
This was particularly the case at the time of the Upper 
Cretaceous (the period of the Chalk). Whenever the 
surface of the ocean subsided to an unusually low level, 
the previously formed sediments were left dry, and 
sedimentation was interrupted above them until the 
next return of the ocean. Owing to the wide areas 
over which they can be recognized, it is these inter- 
ruptions which have principally been made use of as 
lines of demarcation between the various systems. 
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Some of the most conspicuous of these interruptions, 
for instance, the one between Permian and Trias that 
separates the Primary from the Secondary, or the one 
between the Cretaceous and Eocene that separates the 
Secondary from the Tertiary, are as distinct in India 
as in Europe. It must be noticed, however, that 
owing to the quiescence of the earth's crust during 
these periods, the breaks are unaccompanied by any 
stratigraphical unconformity. Consequently they easily 
escape notice, and it has hitherto been the custom 
to admit that in contradistinction to what is ob- 
served in Europe, there is in India a gradual passage 
from Primary to Secondary, and from Secondary to 
Tertiary. A doser study of the fossil contents of the 
rocks has now revealed the universal presence of the 
statigraphical breaks, at least amongst the marine 
strata, and their coinddence with those originally 
established in Europe. 

The occurrence of the ferruginous beds represent- 
ing a peculiar alteration product 
oi rocks exposed to the air, known 
bands. as “ laterite,” often assists in 

locating these stratigraphical breaks 
in the absence of a stratigraphical unconformity. 
These ferruginous layers represent the altered surface 
of the se d i m ent which was exposed to atmospheric 
agencies during the interval between two marine inva- 
sions. 

The corrugation of the earth’s crust that produced 
the great upheaval of mountain 

«. N £5E£ a J£S: >“*•» “ Carboniferous 

ed by the Tethys. times also accentuated a deep 
furrow a lmost encircling the 
world, and constituting an ocean, of which the present 
Mediterranean is the last remnant. This extinct 
ocean, known in geological nomenclature as the 
Tethys, completely separated the continents of the 
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Northern and Southern hemispheres, when it thus 
became deepened in Upper Carboniferous times. 
During the Lower and Middle Carboniferous the separ- 
ation was not so complete, and the lands of both 
hemispheres supported similar plants and animals. But 
during the Upper Carboniferous and Permian, all 
connection was severed, and the southern continent 
inclu ding the Indian Peninsula, parts of South America 
and South Africa, and Australia, joined together by 
lands that have now subsided beneath the Atlantic 
and Indian Oceans, was inhabited by a flora and fauna 
quite different from that of the northern lands. 
Something of the same sort is observed at the present 
day in Australia and New Zealand which, being separ- 
ated from the rest of the World by a broad expanse 
of Ocean, are tenanted by different plants and 
animals. 

The contrast between the northern and southern 
flora was especially pronounced during the Permian. 
The southern flora is known as the “ Glossopterts 
flora ” from the name of its most abundant and char- 
acteristic fossil, a plant allied to the ferns, and never 
met with in the normal fossil flora of the northern 
lands. Several fossil types which became abundant 
in the Mesozoic flora of Europe are already well repre- 
sented in the Permian flora of the Southern lands: 
the southern continent was apparently the original 
home of certain types that acquired a world-wide dis- 
tribution in the succeeding Mesozoic era. After the 
Permian, the contrast between the northern and south- 
ern facies gradually fades away owing to the comming- 
ling of the flora of both regions, and, by the time of 
the Lias, the distinction had been practically oblit- 
erated. 

MarinA strata of Upper Carboniferous to Eocene 
age, largely consisting of shales and limestones, are 
developed on an enormous scale in many parts of the 
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extra-peninsular regions of the Indian Empire, and can 
readily be correlated with those of other parts of the 
world by means of their abundant fossils. The extra- 
peninsular regions were then submerged beneath the 
Tethys, while the Peninsula remained as to-day a con- 
tinental area. Consequently the marine beds of the 
extra-peninsular region are represented in the Penin- 
sula by great masses of fluviatile sandstones associated 
with coal-seams and containing no other fossils but 
fragmentary remains of plants and terrestrial animals. 

The * peninsular beds exhibiting this special facies 
constitute the Gondwana Series whose name is derived 
from that of the old Gond Kingdoms which occupied 
the area in which these rocks are most typically devel- 
oped. The name of Gondwana Series, originally ap- 
plied to these fluviatile formations in India, has been 
extended to beds containing a similar fossil flora in 
South America, South Africa, and Australia ; the 
southern continent of which these lands are the rem- 

Gondwana-Land. nants » spoken of as Gondwana- 
Land. For the Palaeozoic (Pri- 
mary) formations that still remain to be noticed, and 
for the succeeding Mesozoic (Secondary) ones, it will, 
therefore, be necessary to examine separately two 
facies : the Gondwana facies with terrestrial fossils 
and the marine facies. 




THE GONDWANA SYSTEM. 



In the Peninsula the Permian period was initiated 
by a set of geotectonic phenomena 

J ars ° Ve n man constitutes as conspicuous 

times. a datum line as the unconform- 

able break in the extra-peninsular 
area. The Peninsular rocks were no longer suscep- 
tible of further folding from tangential pressure ; but 
instead of being affected by tangential displacements 
such as constitute the overthrusts of an ordinary 
mountain range, it yielded to radial disturbances, (so 
called because the displacement is along vertical lines 
directed towards the centre of the earth), that is, cer- 
tain portions sank bodily in troughs bounded by normal 
faults. 



As mentioned in a previous chapter, the regions 
along which one observes this subsidence are precisely, 
in many cases, the zones which, at a previous period, 
had been areas of special elevation along mountainous 
axes, as though the orogenic forces had exceeded their 
goal, necessitating subsequently a negative compensa- 
tion. The formation of these troughs is by no means 
a singular phenomenon. Similar features were pro- 
duced in certain parts of Europe at the same period, 
the crust of the earth subsiding during Upper Carbon- 
iferous and Permian times precisely along certain 
lines where the rocks had been folded in Middle Carbon- 
iferous times. In this manner were formed the coal- 
basins of Central France m which the coal is of lata: 
age than in the British Isles or in the Franco-Belgian 
basin, while they are partly contemporaneous in age 
and absolutely identical in structure with the Gond- 
waaa coal-basins of India. 
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La many parts of the world the dose of the Carbon- 

Permian glaciation. iferous and commencement of the 
Permian were marked by glacial 

phenomena. The causes of wide-spread glaciation 
like that which occurred in pleistocene times are not 
yet fully understood, but it is a remarkable fact that 
the two most pronounced glacial episodes so far known 
in the earth’s history, in Permian and m Pleistocene 
times, followed the final phase of a great orogemc 
upheaval. The erection of mountain ranges must be 
regarded therefore as an important factor in the estab- 
lishment of wide-spread glacial conditions, a conclu- 
sion which, indeed, seems plausible enough as the 
increased altitude of the land must be a potent factor 
in the formation of gladers. 

The vast thickness of the Gondwana formation in 
India indicates a corresponding amount of denudation, 
and proves that the mean altitude of the peninsula 
must have been much greater than at the present day. 
Its loftily situated surfaces became the gathering- 
ground for snow fields and glaciers which, in some 
instances, grew to a sufficient volume to descend down 
to the sea-level without melting. Hence, the sediments 
of the Gondwana system are everywhere initiated by 
a formation of glacial origin. * 

In the Salt Range one observes a singular boulder- 
bed resting unconformably on the Cambrian, and 
underlying the marine Permian strata constituting the 
"Products Series." The pebbles of this boulder-bed 
are scattered at irregular intervals 

Boulder-bed of the j ■« , r 

Sait Range. through a confused mass of silt 

and sand grains, without strati*’ 
fication and showing no signs of the sorting agency of 
running water. The pebbles are often striated and 
polished in a manner characteristic of ice action, some- 
times curiously " facetted," and the underlying floor 
of Cambrian rocks is deeply grooved. In all its char- 
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acters this remarkable boulder-bed agrees •with a gla- 
cial moraine. 

Similar striated pebbles are sometimes observed 
Taichir Boulder-bed. m - the Talchtr boulder-bed which 
usually constitutes the base of the 
Gondwana formation , but the enclosing silts are 
distinctly stratified, and in all their most typical ex- 
posures the Taichir beds show unmistakable signs 
of deposition in water, probably in lakes. The Tai chir 
boulder-beds cannot therefore be regarded as the 
actual glacial moraine as in the case of the boulder- 
bed of the Salt Range, but rather as the moraine ma- 
terial redistributed by water after the final retreat of 
the ice-sheets. Occasionally remnants of the original 
moraine have subsisted as for instance near the village 
of Irai, along the banks of the Pern river dose to its 
confluence with the Wardha, where a confused aggre- 
gate of boulders and finer material rests upon a deeply 
grooved surface of Kadapah limestone. In most in- 
stances, however, the Taichir beds do not belong 
strictly to the period of glaciation but to the period 
immediately succeeding. They are, therefore, slightly 
newer than the true glacial boulder-bed of the Salt 
Range. 

The remnants of the Permian glaciation are known 
not only in India but are scattered 

gi^^fon Ce in 0 f iow r T“ over man y parts of Australia, 
tudes outside of India. Africa, and South America in 

regions situated in latitudes so 
low as to have never been reached by the pleistocene 
glaciation in either hemisphere. In India and in some 
other localities, the Permian glacial phenomena have 
affected even the tropical zone. It has been proposed 
to account for this anomaly by supposing that the axis 
of the earth occupied a different position in previous 
geological ages; but the marks of glaciation are scat- 
tered over such a wide area that it is impossible to 

4 
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frame any consistent scheme of the distribution of 
latitudes that would bring them into the neighbour- 
hood of the poles, not to mention the mechanical diffi- 
culties involved in such a supposition. 

We are therefore driven to admit that the Permian 
glaciation did really affect tropical 

Absence of climatic an( j sub-tropical latitudes, and 
zones m ancient geo- 

logical periods. this conclusion is m keeping with 

other indications of a uniform dis- 
tribution of temperature over all parts of the globe 
in former geological times : the average temperature 
along the equatorial zone was probably lower than at 
the present day, but the poles enjoyed almost the same 
temperature. Not until the Upper Cretaceous and 
Tertiary do we observe indications of pronounced 
seasonal variations and of climatic zones. 

With a lower average temperature of the. equatorial 
zone, there is no reason therefore against admitting 
the development of glacial phenomena, provided they 
were favoured by a suitable combination of the neces- 
sary conditions of altitude and moisture. 

Classification and distribution of the 

Gondwanas. 

The Indian Gondwanas include three principal 
divisions, the Lower, Middle and 
^ re «h1°^)iidwan 0 a? of Upper Gondwanas corresponding 
respectively with the Permian, 
Trias and Jurassic. The Lower and Middle Gond- 
wanas are developed on a vast scale, with a thickness 
of many thousand feet, and are divided into several 
stages, the Lower Gondwana including the Talchir 
and Damuda, 'while the Middle Gondwana indudes 
three stages, the Panchet, Kamthi said Maleri. The 
Middle Gondwana corresponds with the New Red 
Standstone of Europe with which it agrees lithologi- 
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cally. The name Mahadeva is sometimes applied to 
the entire group of the middle Gondwana. 

The Gondwana is the main coal-beanng formation of 
India, coal-seams occurring both in the Lower and 
Upper Gondwanas, though the present exploitation is 
practically restricted to the Lower Gondwana coal. 

So far as can be made out in the presence of the Dec- 
can Trap which obscures the older 
G ° nd ‘ geological features of some por- 
tions of the Peninsula, the area 
over which the Gondwana troughs are scattered along 
certain very definite lines, has the shape of a vast 
triangle with slightly curvilinear sides and tapering 
angles. The main body of the triangle occupies the 
north-eastern part of the peninsula. One of the taper- 
ing angles points towards the Gulf of Cambay at the 
northern end of the west coast, another towards the 
coast of Coromandel, in the southern portion of the 
east coast, while the northern angle reaches the outer 
zone of the eastern Himalaya in the neighbourhood of 
Darjeeling. 

The Gondwana basins are distributed partly along 
the sides of the triangle, partly along two “ cross bars ” 
uniting the two longer sides of the triangle ; one of these 
“ cross bars ” coincides to a large extent with the val- 
ley of the Damuda river, the other runs roughly parallel 
to the Mahanadi and Brahmani rivers along a portion 
of their course. The shortest side of the triangle coin- 
cides approximately with the valleys of the Wardha, 
Pranhita and Lower Godavari. The principal expo- 
sures along the northern side of the triangle run parallel 
with the Narbada and Son rivers south of the Vindhyan 
r ang e South of the Narbada they constitute the 
Satpura hills. The exposures along the eastern side 
which corresponds largely with the east coast of the 
peninsula axe more discontinuous ; the southern point 
of the triangle is continued by a long succession of 
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small exposures scattered along the coast for a distance 
of about 400 miles from the neighbourhood of the 
Kdstna delta up to the Cauvery ; there are important 
exposures near the mouth of the Godavari and that of 
the Mahanadi , the line is continued further north m 
the Rajmahal hills , the north-eastern prolongation of 
the triangle includes the exposures along the Outer 
Himalaya of Darjeeling and Bhutan. The western 
angle of the triangle is concealed by the Deccan Trap. 

The Upper Gondwanas are largely developed along 
the sides of the triangle, but are entirely absent from 
the “ cross bars ” of the enclosed area which only con- 
tain representatives of the Lower and Middle Gond- 
wanas. 

The Lower Gondwanas. 

« 

Of the two divisions that make up the Lower Gond- 
wana, the older one or the Talchir 

Two T Mb^wges. includes two sub-stages, a lower 
one, the Talchir proper, and an 
upper one, the Karharbari. 

The Talchir proper is of moderate and rather uniform 
thickness, about 500 to 800 feet 
chir proper. and more widely spread than any 

of the other Gondwana divisions 
though these often far exceed the Talchirs in thirknpgg . 

The Talchirs consist of fine-grained arenaceous 
„ . shales of greenish grey, more rarely 

Talchir. of red colour, and fine-grained 

soft sandstones, greenish grey or 
reddish, consisting of quartz and undecomposed 
felspar. The shales are greatly jointed, and break 
up into angular, often pencil-shaped fragments. They 
are frequently calcareous. The sandstones are some- 
what thickly though distinctly bedded, occasionally 
interstratified with shales, and often break up into 
cubic pieces for which reason they have received the 
name of “ tesselated sandstones.” The sandstones 
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usually predominate, m the upper portion of the 
Talchirs, there being a gradual increase in the coarse- 
ness of the sediments as one ascends through the sec- 
tion. Occasionally the Talchir sandstones are calca- 
reous and in some instances, in the Wardha valley, 
these calcareous rocks have weathered in such a 
manner as to constitute a "flexible sandstone.” 
Pebbles of various dimensions, sometimes reaching 
the size of large boulders, are frequently scattered 
through the fine shales or mudstones towards the 
base of the series, and constitute the Talchir boulder- 
beds. The pebbles often consist of rocks that do not 
occur in the neighbourhood of the Talchir exposures 
in which they are found, and which must have been 
carried from a distance by glaciers. Yet, the distinct 
stratification of the shales and sandstones indicates 
that these beds have been deposited in water and re- 
present redistributed moraine material rather than the 
original moraine. As already mentioned, instances of 
true moraine matter with striated pebbles and grooved 
surfaces of the underlying rock-floor are of rare occur- 
rence, the most remarkable case being that of the Pem 
nver exposure near its confluence with the Wardha. 

The Talchir proper is usually barren of coal-seams. 
The lower strata of the Talchir shales are unfossilifer- 
ous, as though at the time they were deposited the 
climate wore still too severe for a luxurious development 
of vegetable life. The upper strata of the Talchir 
proper are sometimes fossiliferous and contain a flora 
which is markedly different from that of the overlying 
Damuda, the leading forms being various species of 
Gangamopteris. 

The Talchir is usually immediately succeeded with 
varying degrees of overlap and ua- 

The K steg£ ban Sub ’ conformity by the coal-measures 
of the Damuda. In a few instances* 
however, there intervene a varying thickness of strata 
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with intercalated coal-seams of good quality consti- 
tuting the Karharbari sub-stage, so-called after the 
Karharbari or Giridih coal-field in Bengal. In the 
Giridih coal-field, this sub-stage consists of whitish or 
palegrey-grits frequently pebbly, with an aggregate 
thickness of 200 to 460 feet, containing two fine coal 
seams, the lowest of which is especially thick and 
continuous. 



The Karharbari sub-stage, especially in its type area 



Karharbari 

fossils. 



in the Giridih coal-fidd, has yield- 
ed numerous fossil plants the most 



characteristic of which, besides 



the Talchir species of Gangamofitens, are Neurofiten- 
diutn validum and Vottziot heterofhylla, both of which 
communicate a remarkable triassic facies to this flora 



whose age cannot be newer than Lower Permian 

The Damuda stage is most completely represented 
in the Raniganj coal-field which 
Damuda stage. may be taken as the type for this 

division, the differences in other areas consisting prin- 
cipally in the absence or less complete development of 
the newer sub-stages. 

The three sub-stages exhibited in the Raniganj field 
are in ascending order, the Barakar, Ironstone shales, 
and Raniganj. 

The Barakars, with a thickness of about 2,000 feet, 
consist of coarse conglomerates 
Bara stage Ub with white or bufi sandstones and 

numerous coal-seams, the lower- 
most of which are often very thick. The pebble beds 
are particularly frequent towards the base of the sub- 
stage, the sediments becoming gradually finer m an up- 
ward direction. The Barakar sandstones are some- 
times felspathic, but the felspar grains are lranlinispri 
instead of being undecomposed as in the case of the 
Talchirs. The Barakar sandstones exhibit a remark- 
able tendency to become eroded into “ potholes ** 



Barakar sub- 
stage. 
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along river-beds. Beds of valuable China-day are 
sometimes intercalated amongst the Barakar sand- 
stones, especially in the Rajmahal hills. 

The Ironstone shales, about 1,400 feet thick, are 

ironstone shales. black carbonaceous shales, with 
numerous bands of day-iron 
stone, the ferruginous element occurring in the form 
of iron carbonate. They sometimes constitute 
valuable iron ores. The average amount of metallic 
iron in the day-ironstones is 39 per cent. Some of the 
richer bands in the Raniganj coal-fidd contain as much 
as 54 per cent. 

The Raniganj sub-stage, with a maximum thickness 
Raniganj sub-stage. of 5,000 feet which it attains only 

in the Raniganj coal-fidd, con- 
sists of sandstones, both coarse and fine-grained, 
mostly fdspathic and false-bedded, intercalated with 
a large proportion of shales, together with coal-seams. 
The coal-seams are thinner, but more constant than in 
the Barakar. 

In the Satpura Range the Motur and Bijori sub- 
stages, with an aggregate thick- 
iteg^o^tpiS'area ne SS of 3,000 to 6,000 feet of 
sandstones and shales, correspond 
respectivdy with the Barakar and Raniganj, but instead 
of true coal-seams, they only contain intercalations of 
carbonaceous shale. 

In all the other Indian coal-fidds outside the 



Raniganj sub-stage. 



Damuda Valley and the Satpura Range, the ironstone 
shale and Raniganj sub-stages of the Damuda are miss- 
ing, and the Barakar, when present, is unconformably 
overlaid by the Middle-Gondwana. The Damuda 
stage is especially reduced m the Pranhita-Godavari 
region, where it is only represented 

muda^suge'ia °<LSa- the ^ ower portion of the Bara- 
van area. kar, which is scarcely ever more 

than 400 feet thick, and is fire- 
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quently overlapped by the Kamthi beds of Middle Gond- 
wana age, which come to rest directly upon the Talchirs 
or upon the gneiss. 

The upper portion of the Barakars consisting of 
relatively fine-grained material, the 
ray ^JnSrocks! Da ‘ ironstone shales, and the Rani- 
gan] sub-stage which is to a large 
extent shaly, are usually weathered to the condition 
of a slightly undulating plain. The more massive beds 
towards the base of the Barakar form low hills in the 
Daxnuda valley, and rather bold scarps in Central 
India. 

Fossil plants occur abundantly m some of the Damu- 

Damuda fossil,. da str ata. The leading fossils 
are : numerous species of Glossop- 
teris ; Schizoneura gondwanensis, a plant of traissic 
affinities ; Phyllotheca indiea, one of the most charac- 
teristic types of the “ Glossopteris flora;” Spheno - 
phyUum speciosum, the only typically palaeozoic fossil 
of the Gondwana flora. A stegocephahan of palaeozoic 
affinities, Gondwanosaurus bijoriensis, has been dis- 
covered in the Bijori beds of the Satpura region, which 
correspond in age with the Raniganj. 



Middle Gondwana. 

The Middle Gondwana rocks never contain any coal- 
,. , seams or even carbonaceous shale, 

ceoua element. leading feature of the group 

consists in its enormously massive 
sandstones usually of a bright red colour. In age and 
in lithological characters, it corresponds with the con- 
tinental facies of the European 

the eqnivaira^oOhe ”^ e New Red Sandstone, 

New Red Sandstone. and also with the red rocks so 

largely developed beyond the eas- 
tern frontier of the Indian Empire, in the red basin of 
Szu-Chuan, in Yunnan, and in the basin of the Mekong. 
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Panchet stage. 



It includes three stages, which are, in ascending order, 
the Panchet, the Kamthi (also 
Strat^ptaiDm. known as Pachmaxi), and the 

Maleri (also known as Denwa). 
The most conspicuous member is the middle division, 
or Kamthi, almost exclusively composed of sandstone 
which constitutes the superb escarpments of the Pach- 
mari and Mahadeva hills in the Satpura range, from 
which the Middle Gondwana has received the name 
Mahadeva Series. The underlying Panchet and over- 
lying Maleri or Denwa consist largely of shales. 

The Panchet beds have been best studied in the 
Raniganj basin, where they consti- 
tute the underscarp of Panchet 
hill, the upper crags of which consist of Kamthi sand- 
stone. In the Raniganj field they contain a total 
thickness of about 1,500 feet, consisting principally of 
alternations of very false-bedded coarse sandstones 
and red days, with the exception of the lowest 250 or 
300 feet which consist of grey and greenish grey sand- 
stones and shales, often micaceous and very thin- 
bedded, and not unlike some of the Talchir beds. 

The Kamthi stage (named after a town situated 
dose to Nagpur), is essentially 
a sandstone formation, which, when 
fully developed, attains a vast thickness. In the 
Damuda valley coal-fields, where it occurs merdy in 
the form of outliers, we sddom observe as much as 
1,000 feet that have escaped denudation ; but in the 
Chhatisgarh area or in Central India it has a total 
thickness of 3,000 or 4,000 feet ; it reaches 4,000 feet in 
the Godavari region and no less than 8,000 feet in the 
Mahadeva and Pachmari hills of the Satpura range, where 
„ , it is locally known as the Pachmari 

sandstone. The sandstones are 
usually brightly coloured in various shades of red, and 
their massive beds constitute immense mural escarpments. 



Kamthi stage. 
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While the Damuda sandstones are generally fels- 
pathic, the Kamthi sandstones are usually non-fels- 
pathic. They are often argillaceous, but do not con- 
tain felspar in various stages of decomposition like the 
sandstones of the Lower Gondwana ; hence their 
superiority as building materials. 

In a ddition to the sandstones, there occur some- 
times intercalations of red, brown, or occasionally 
white days, especially towards the base and summit of 
the formation. Where the underlying Panchet is 
well devdoped, one observes sometimes a gradual pas- 
sage from the Panchet to the 
DM ^S‘iQv liUn Kamthi stage. Frequently, how- 
ever, the Panchet is missing, and 
the Kamthi rests unconformably on some division of 
the Damuda, usually the Barakar. In many localities 
this unconformity was overlooked during the earlier 
pr eliminar y surveys, and the Kamthi came to be re- 
garded as the equivalent of the Raniganj, an error that 
has ca u sed much confusion in the dassification of the 
Gondwanas, and is chiefly responsible for the mistaken 
impression that the Gondwana fauna exhibits an ano- 
malous assemblage of forms. 

The Kamthi days are almost always micaceous and 
ferruginous, and frequently pass 
Beds 2!ay. h8em * tlte “ 1 ^° a < ^ ense haematitic material of 
a deep purplish-red colour, some- 
times rich enough in haematite to constitute an iron 
ore. This heavy hsematitic rock frequently contains 
beautifully preserved impressions of fossil leaves along 
the planes of bedding. These impressions are entirely 
devoid of carbonaceous material, there being a com- 
plete absence of carbonaceous matter throughout the 
entire thickness of the Middle Gondwana. 



The Malen or Denwa beds are quite conformable to 



Maleri beds* 



the underlying Kamthi or Pach- 
rn a r i sandstones in the Satpura 
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Fossil Plants. 



area, but there appear to be local unconformities in 
the Godavari region. 

Lithologically the Maleri stage in the Godavari 
region may generally be described 
fo?manon C1 ' as a clay series with subordinate 
bands of sandstone. 

Plant-fossils have, so far, been obtained only from 
the Panchet and Kamthi stages 
Mldd fo S s l 2? ndwana of the Middle Gondwana. The 
Panchet plants are poorly pre- 
served, and when recognisable, are closely related to or 
identical with common Damuda 
forms. The Kamthi flora includes 
several species of Glossopteris, some of which are iden- 
tical with Damuda forms, while others are special ; the 
most characteristic Kamthi plant is the beautiful fern 
Danaopsis Hughesi which is of special interest as 
occurring also in the Rhsetic beds of Tonkin and the 
Middle Gondwana of Shensi in China. 

The Middle Gondwana has yielded a fairly abundant 

vertebrate fauna. The Panchet 
Pauch^and^Kanrthi sta g e ^as yielded stereospondyle 

amphibians of the genera Gonio- 
glyptus, Glyptognathus and Pachygonia, and anomodont 
and zandodont reptiles of the genera Dycinodon and 
Eptcampodon. The Mangli amphibian, Brachyops 
lattceps, comes from a low horizon of the Kamthi 
stage, and does not differ much in age, therefore from 
the Panchet fossils. It is closely rdlated to Micro- 
phohs from the Upper Beaufort beds of South Africa. 
The Panchet and Kamthi have yielded abundant 



remains of Estheria. 

The Malm or Denwa have yielded fish teeth of Cera- 
„ , . t todus closely allied to triassic (Let- 

Malen vertebrates. ..... , _ , 

tenkohle) forms of Europe ; several 
“ labyrinthodomts ” including a Mastodonsaurus, 
forms allied to Capitosaurus and Metopias of the Upper 
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Trias of Europe, and a. Packygonia identical, perhaps, 
with the Panchet fossil; various reptiles amongst 
which a rhynchocephalian, Hyp&r adoption Huxleyi, 
parasuchian crocodiles of the genera Belodon and 
Parasuchus, and a zandodont related to the genera 
The codontosaurus and Stegosaurus . 

The whole of this fauna bears unmistakeably the 
stamp of the Trias, and the three stages of the Middle 
Gondwanas are approximately equivalent to the three 
divisions of the European Trias, the Bunter, Muschel- 
kalk, and Keeper. 

Upper Gondwana. 

The Upper Gondwana consists largely of massive 
sandstones dosely resembling some 
Lithology. 0 f ^.]j e Middle Gondwana rocks, 

but is distinguished by the presence of coal-seams 
and a considerable devdopment of limestones, while 
one of the outcrops, that constituting the Rajmahal 
hills of Bengal, consists essentially of volcanic rocks. 

As already mentioned, the Upper Gondwanas are 
entirely restricted to the outer border of the great 
triangular region constituting the Gondwana area. 

Distribution. Alon f the east c °as* they are 

associated with marine intercala- 
tions often highly fossiliferous which, unfortunatdy, 
have only been cursorily examined. 

The Upper Gondwanas, as devdoped in their several 
areas, have not been sufficiently dosdy compared with 
one another for the establishment of a c onsisten t 
nomendature. 

In the Rajmahal hills they exhibit the exceptional 

Rajmahat voicamcs. fecies of a volcanic series, consist- 
ing of some 2,000 feet of basaltic 
flows, with occasional intercalations of days, carbona- 
ceous shales, and siliceous porcdlanoid shales, which 
have long attracted attention on account of the abun- 
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dance of beautifully preserved fossil plants which they 
contain. These plants constitute an assemblage of 
liassic facies, the richest fossil flora yet discovered in 
India, remarkable for the abundance of ferns (princi- 
pally Tesnioptens and Dicksomtes) and cycads (prin- 
cipally Ptilofihyllum) . 

The Rajmahal volcanics rest unconformably upon 
the Dubrajpur sandstone which corresponds with a 
portion of the Kamthi stage. 

The numerous dykes of dolerite and of mica-peri- 
dotite which intersect the Lower 
Dykes ofRajmahai an( j Middle Gondwanas in the 

eastern coal-fields of Bengal bdong 
to the same volcanic system as the Rajmahal lava 



flows. 

The most characteristic and complete development 
of the Upper Gondwanas is that observed in the Son- 
Narbada and in the Godavari regions. 

South of the Narbada river, in the Satpura range, 
the Upper Gondwanas include two 

Upper Gondwana of sub-stages of which the lower one, 
Satpura region and ° , , 

Central India. varying m thickness from 50 to 

600 or 800 feet, occasionally 
amountin g to 1,000 feet, is known as Bagra, after a 
fortress situated on the Tawa river, a tributary of the 
Narbada, while the upper sub-stage is named after the 
large town of Jabalpur. The Upper Gondwanas are 
unconformable to the underlying Denwa beds and 
overlap nearly all the older divisions of the Gondwana 
s er ies at both extremities of the Satpura range. 

The lower sub-stage, the Bagra, consists chiefly of 



Bagra sub-stage. 



irregularly intermixed limestones, 
days and sandstones, the latter 



often conglomeratic. The Jabalpur beds consist prin- 
cipally of massive softish sandstones with subordinate 



Jabalpur sub-stage. 



white and pale tinted 'days ; lime- 
stones are exceptional, and lignitic 
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coal-seams often occur near the base. The proportion 
of coal is exceedingly variable, and seldom sufficient 
to be economically useful. 

The Jabalpur beds have yielded a rich flora of Upper 
Liassic to Lower Oolitic facies. It is usually regarded 
as slightly newer than the Rajmahal fl or a. 

The Upper Gondwanas m the Pranhita-Godavari 
region include two divisions, a 
lower one constituting the Kota 
e'°o- stage, 2,000 feet thick, the equi- 

valent of the Bagra and Jabalpur 
sub-stages of the Son-Narbada region, and an upper 
division, the Chikiala stage, 500 feet thick, unrepre- 
sented in the Son-Narbada outcrops. 

The plant remains hitherto discovered in the Kota 
group include Pahssya jabalpu- 
Paiseontotogy of Kota rens j s ^ Araucantes cutchensis, 

both of which are characteristic 



Jabalpur fossils. 

The fish remains abundant in the limestones include 
species of Lepidotus, Tetragonolepis, and Dapedius, 
indicating that the age of the rocks is liassic. 

The Chikiala beds which constitute the newest stage 
Chikiala stage. amongst the Gondwana Series of 
the Pranhita-Godavari region, 
consist essentially of light-brown, red, yellow and buff 
sandstones and heavy conglomerates. All these rocks 

Lithology of Chikiala ***™°*y 

stag*. nous in their constitution, so 

much so as to become sometimes 

valuable iron ores. 



The Chikiala sandstones have yielded no recognis- 
able fossils, but there is reason to 
wit^Thpwty W «n<i- Relieve that they are of the same 
age as the Tnpetty sandstones of 
the coastal region of the Godavari 
regarded as uppermost Jurassic. 
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The Upper Gondwanas very much reduced in thick- 
ness axe exposed along the coastal 
l t?n r oa®°a“ d ^tem! f P lail1 from the neighbourhood of 
Ellore to that of Raj amahendri 
at the head of the Godavari delta They rest directly 
and quite unconformably upon the Kamthi sandstones 
without the intervention of the 
Gol *tones Sand " Maleri beds. The lowest division 
constitutes the Golapilli sandstones 
consisting of about 300 feet of yellowish-red sandstones, 
grits and conglomerates. They contain a fossil flora 
closely related to the Rajmahal flora. They are usually 
overlaid unconformably by the Tnpetty sandstones 
except at a few places where there intervene some 
shales and clays with a maximum 

M,. of IJQ fK . fc , aam ^ 

the Ragavapuram beds, which seem to rest conform- 
ably on the Golapilli beds, but are unconformably over- 
laid by the Tripetty sandstones. They consist prin- 
cipally of white and buff shales, pale-brown shales with 
purple blotches and white and purple sandy clays. 
They contain ammonites and other marine fossils 
which have not yet been identified, and a few fossil 
plants belonging mostly to common Upper Gondwana 
species. 

The unconformably overlying Tripetty sandstones 
rest upon the Ragavapuram shales 

Tripetty sandstones. Qr ^ Golapflli sajldsto nes with 

the intervention of a bed of laterite. They axe 
about 150 feet thick and consist of dark brown and 
reddish sandstones, gravel beds and conglomerates, 
sometimes with concretionary ironstone. They are 
unfossiliferous in their type area, but some detached 
exposures supposed to belong to the same formation 
have yielded species of Trigonia regarded as identical 
with some of the uppermost Jurassic fossils from the 
Umia beds of Kachh. 
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The Tripetty sandstones are probably the equivalents 
of the Chfldala sandstone The Ragavapuram shales 
and Golapilli sandstones correspond with some portion 
of the Kota stage. 

The Tripetty sandstones are unconformably overlaid 
by the ‘ ‘ infratrappean ’ ’ and “Deccan” Trap of 
upper cretaceous age. 



Other detached outcrops of Upper Gondwanas occur 
along the coastal plain between 
Coasta^ System near t jj e gistna river and the town of 
Ongole. Where the section is most 
complete, near the village of Budavada, 34 miles N. 

by E. of Ongole, the shales are 
Pavaior, Vemava- intercalated between two masses 
rarn^ and Budavada ^ san( j s | ;ones> the lower mostly 

buff-coloured being known as the 
Budavada beds, the upper red and brown sandstones 
constituting the Pavalur beds, while the intermediate 
shales are known as Vemavaram beds. The Vemava- 
ram fossil flora is, after that of 
F °^iv&iSs. Ve ‘ Rajmahal, the richest of the 
Upper Gondwana floras It is 
closely rdated to the Jabalpur flora. 



Still further south along the coastal plain, near 
Madras, there are some more ex- 
Coasta^System near p 0sures 0 f Upper Gondwanas. 

They include two divisions, a 
lower one constituting the Sripermatur beds and an 
upper one known as the Sattavedu beds. 



The Sripermatur beds indude sandstones and gener- 

, ally buff-coloured days and shales 
Sripermatur beds. , . . , ., . ~ 

containing fossil plants and marine 
shells. The latter have not been studied. The nch 
fossil flora is dosely related to those of Vemavaram 
and of Jabalpur. Some of the days are useful for 
ceramic purposes. 
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The Sattavadu beds are probably the equivalents of 
the Pavalur, Tripetty, and Chikiala sandstones. The 
Sripermatur beds evidently correspond with the Verna- 
vararn beds and a part of the Kota stage. 

There is an exposure of Upper Gondwana rocks in 
the neighbourhood of Cuttack at 

Atgarh sandston e near thft head o£ the Mahana di delta. 

This area is known as the Atgarh 
basin from the name of a town situated 14 miles west 
by north of Cuttack. The rocks consist principally 
ot grits, sandstones, and conglomerates, with subordi- 
nate beds of white, or pinkish or red clay. 

The Atgarh sandstones have supplied the material 
for the magnificent temples of 
00 Bhuvaneshvar, Puri (temple of 

Jagannath), and Konarak (temple 
of the Sun or <c black pagoda ”) all of which are situ- 
ated in the alluvial coastal plain east and south of the 
Gondwana outcrop. 

The Buddhist caves of Kandagiri, 15 miles south of 
Cuttack, are carved out of a cliff of massive sandstones, 
of the same series. 



5 




MARINE PERMIAN AND UPPER CAR- 
BONIFEROUS. 



In the geosynclinal areas of extra-Peninsular India, 
there is a well-marked unconfor- 

Mstribntion of post- mity at, or just below the base of 
Carboniferotis marine ^ 

beds. the Permian, owing to which the 

Devonian and Carboniferous are 
often incomplete, while in the Peninsular area, there 
*s a total absence of any formations intermediate be- 
tween the Vindhyans of Cambrian age and the Permian 
Lower Gondwana. Extensive sedimentation was re- 
sumed with the Permian, and the geosynchnal areas 
exhibit a remarkably complete succession of marine 
strata extending in age from Permian to Miocene, the 
various divisions being often represented by sedimentary 
accumulations of enormous thickness that were deposited 
on the gradually subsiding floor of the Tethys. 

Along the borders of the Peninsula, the same forma- 
tions are often represented by marine beds of coastal 
facies, frequently exceedingly fossiliferous. The dis- 
tribution of these coastal formations indicates that at 
as early a period as the Jurassic, the Peninsular area 
had already acquired practically the same outline as 
at the present day, the periods represented by coastal 
deposits usually coinciding with widespread marine 
“ transgressions." 

In the Salt Range situated dose to the border-line 



Permian of the Salt 
Range. 



between the Peninsular and extra- 
Peninsular regions, marine beds 



exhibiting the coastal fades are 
largely developed. The Permian is exceptionally well 
represented, and its development in the Salt Range 
constitutes the main type of reference for the marine 

fades of that system not only for India, but for all other 

parts of the world. 
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The stratigraphical gap in the Salt Range is the 
same as in the Peninsula : there are no beds interme- 
•diate in age between the Cambrian and Permian or up- 
permost Carboniferous. 

The well-known " boulder-bed ” probably Upper 
■Carboniferous in age, rests unconformably on various 
stages of the underlying Cambrian. In places where 
the section is complete, the Upper 
Carboniferous and Permian of the 
and Upper Carbon- Salt Range, with an aggregate 
Range. thickness varying from about 700 

to x,ooo feet, include two approx- 
imately equal divisions, a lower one which is chiefly 
arenaceous, and an upper one chiefly calcareous. 
Although the thickness of strata is about the same, 
the two divisions represent very different intervals of 
geological time. The various sub- 
Arena ^°“ 3 sub - divi - divisions of the lower arenaceous 
group are inconstant and are fre- 
quently observed to be mutually representative as the 
formation is followed from place to place. The rocks 
are mostly coarse grained, a considerable proportion 
of their total thickness being often contributed by the 
peculiar boulder-bed which may 
Bouider-bed, reac h a thickness of 200 feet. 

There is reason to believe that this lower group of 
•strata represents only a relatively small portion of the 
-uppermost Carboniferous. 

The upper calcareous group differs greatly from the 
lower arenaceous one owing to 
Calcareous sub-divi- the great constancy of its sub- 

Limestone. divisions, ana, instead of being 

restricted, in time, to one relative- 
ly short geological period, it embraces representatives 
of the entire Permian system. The lower arenaceous 
group contains few fossils and these belong to a some- 
what peculiar type : the upper calcareous group is 
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crowded with fossils, and owing to the abundance of 
brachiopods belonging to the genus Productus is known 
as the Productus series. Owing to the prevalence of a 
red or purple sandstone with greenish or purplish 
patches, the lower arenaceous division is usually spoken 
of as the Speckled sandstone series, except towards the 
eastern extremity of the Salt Range where it ass umes 
the somewhat different facies of the “ Olive Series.” 
The Upper Carboniferous and Permian of the Salt 
Range may be tabulated as follow’s . — 



Main Divisions. 



Sub-stages. 



Approxim- 
ate thick- 
ness in feet 



f Chidru beds. 



Upper Produc- 
tus beds. 



16—25 



Kundghat beds/ 
mainly sand- 
stone (Belter- 
ophon beds.) >100—125 

Jabi beds (tran- 
sitional) (50') 




Productus Kalabagh 
lim e s t o n e 
proper, or - 
Middle Pro- 
ductus beds. Virgal 



Lower Produc- 
tus beds. 



r Katta beds, cal- 
careous sand- 
stone and are- 
naceous lime- 
* stone (about 
So') 



S-200 — 350 



I Amb beds, cal- 20 — 50 

careous sand- 
stones. 



SPECKLED SAND. 
STONE GROUP. 



f Lavender clay") 
(50- # ioo') I 



Speckled 

stone. 



sand- 



>-200—400 



Boulder-bed 



100—200 



Olive 
- Senes, 
about 
150ft. 



Near the eastern end of the Salt Range the Upper 
Palaeozoic is represented only by 
the * ' Olive Series * ' consisting of 



The Olive Series. 
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■dark-greenish, greyish, white-and-yellow striped, yel- 
low-and-grey spotted, or olive or whitish sandstones. 
In the lower part are strong conglomerates, or else 
boulder-beds consisting of thick, dark shales, simu- 
lating in appearance a volcanic tuff, and filled with 
boulders. The enclosed fragments are mostly of crys- 
talline rocks and sometimes attain large dimensions. 
In certain cases the boulder-beds associated with the 
‘ ‘ Olive Senes * ’ may represent redistributed glacial 
material in the same way as the boulder-bed ot the 
Peninsular Talchir. In other cases, however, the 
boulder-bed at the base of the Olive Series, like that at 
the base] of the typical Speckled 

Similar ity ^ to Tai- Sandstone further west, actually 

represents an original glacial mo- 
raine. The facies is very similar to that of the 
Talchir beds at the base of the Gondwana series. 

Certain thick, greenish-olive, deeply weathered sand- 
stones, enclose considerable numbers of the casts of large 
bivalves of the genus Eurydesma re- 

Australian fossils* 

presented by several species identical 
with fossils occurring in association with the Upper 
Carboniferous or Permian glacial beds of Australia. 

The boulder-bed often exhibits a dose resemblance 



to a pleistocene “ boulder day.” 
TUe .ou de. bed. jq- 0 ^ on iy the pebbles polished 

and striated in the manner characteristic of glacial 
action, but the underlying floor of the Cambrian rocks 
is also typically grooved, for instance, in the neigh- 
bourhood of Makrach. About one mile north-west of 



Kheura (a locality famous for its salt mines, situated 
4 miles north of Pind Dadun Khan), the boulder-bed 
rests upon the Salt Pseudomorph Zone of the Cambri- 
ans, whose flaggy layers are observed to have been 
tom up by the force of the glacier, huge irregular slabs 
.being confusedly incorporated amidst the lower por- 
tions of the boulder-bed. 
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Lithologically the pebbles included in the boulder- 
bed of the Salt Range are identical 
w* 11 man y of the rocks consti- 
tuting the Aravalli Range and 
Western Rajputana, the Malani rhyolites in particular 
being easily recognisable. These fragments must have 
travelled, therefore, over a considerable distance from, 
a region situated several hundred miles south-east or 
south-south-east of the Salt Range. The Aravalli 
region, in late Carboniferous times, must have been 
occupied by an ice cap sending forth a glacier ^of suffi- 
cient magnitude to reach the sea-coast. 

In addition to the ordinary striated boulders, one 
observes peculiar polyhedral peb- 
JSEHgSZ’ bles known as “facetted peb- 
bles,” the different faces of which 
are polished planes as though the pebble had been 
shifted in position several times while being subjected 
to the grinding agency that gave rise to these plane 
surfaces. Professor Koken has suggested that this 
action took place by internal movements within the 
mass of the frozen moraine, and that the pebbles were 
shifted during a momentary thawing of the glacial 
material. 

Boulder-beds similar to the boulder-bed of the Salt 
Range are met with at Bap and 
^ d p T££° fRaj - at Pokaran west of the Aravalli 
Range in Western Rajputana. 

At certain places the boulder-bed passes into a 
true marine sediment of calcare- 
*h^“‘CoSutaSi n no^ ous sandstone with calcareous con- 
ules -” cretions enclosing well-preserved 

fossils. They are generally spoken, 
of as the “Conularia nodules” on account of 
the frequency of this fossil. As in the case of the- 
bivalves from the “ Olive Series ” facies, these fossils 
which in addition to Conularia include Pleurotomana r 
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Amb beds. 



Bellerophon, Sanguinolites, Pseudomonotis, Spirifer, 
Martiniopsis , Chonetes, are represented by a large pro- 
portion of species identical with forms first observed 
in the marine beds intercalated with the Upper Palaeo- 
zoic glacial formation of Australia. 

The Amb beds consist of some 50 to 70 feet of coarse, 
light-coloured, yellowish-grey and 
greenish sandstones of Talchir 
facies, intercalated with numerous layers of coaly 
laminae, and a band of sandy calcareous shales, and 
containing the fauna of the “ Lower Productus Lime- 
stone.” 

Their uppermost layers are in places highly fossil- 
iferous and abound with Fusulmce. 

Fusulince are abundant also in the overlying Katta 
beds, including a moderate thickness of highly calca- 
reous sandstones or arenaceous 

Katta beds. .. , . 

limestones forming a transition 
between the Amb sandstones and the Productus lime* 
stone. 

The Productus limestone proper varies in colour from 
grey to black, and several of the magnesian bands are 
of a warm yellow colour. 

The main mass is a crinoidal limestone, while the 
Virgai and Kaiabagh lower part is either sandy, or else 
beds * cherty and full of corals. 

The lower part of the Productus limestone proper 
constitutes the Virgai beds; the upper portion consti- 
tutes the Kaiabagh beds. 

Above the main mass of the Productus limestone 
sandy strata reappear constituting 
the Kundghat beds about 100 feet 
thick. The transitional beds at 
their base are known as the Jabi beds. The Kundghat 
sandstones are intercalated with coaly shales and 
argillaceous beds. Intercalations of limestones also 
occur. 



Kundghat and Jabi 
beds. 
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These upper beds abound in BeUerophons, one thick 
sandstone band especially being crowded with Ewphe- 
mus indicus, Waag, and Bellerophon Jonesianus, de 
Kon. 

The uppermost portion of the Productus Series con- 
Chidmbeds stitutes the Chidru beds, pnnci- 
pally marls and sandstones. Their 
total thickness is small, not more than 16 to 25 
feet, but the sub-stage is interesting owing to its abun- 
dant fauna of lamdlibranchs. These fossils are usually 
contained in concretions scattered through a soft light- 
yellow sandstone, overlaid by a small thickness of un- 
fossiliferous beds upon which the Lower Trias is in its 
turn superimposed. These uppermost unfossiliferous 
beds vary a great deal in their constitution, including 
marls and sandstones, sometimes with impure coal, 
and are sometimes absent ; an unconformity conglo- 
merate is sometimes observed at the base of the Trias. 
It seems evident that a certain amount of erosion has 
taken place between the Permian and Trias. 

The equivalents of the Productus Senes are well 

TbeZewan beds. developed along the entire length 
of the geosynclinal zone of the 
Inner or Northern Himalaya, and also in Kashmir. 

The Permian System in the Kashmir valley proper 
has long been known as the “ Zewan beds." The 
Zewan beds rest upon the palaeozoic volcamcs of carbo- 
niferous age that have already been mentioned m a 
previous chapter. At the type locality, Zewan, they 
include a lower division mainly arenaceous, and upper 
division, principally calcareous and shaly. The lower 
division, nearly 200 feet thick, consists of alternating 
sandstones, shales, with subordinate limestones and con- 
glomerates, and beds of impure coal, with Gondwana 
plant remains. At Khunmu, 15 miles south-east of Sri- 
nagar, these plant-bearing beds have yielded a true 
Archegosaurus, indicating that their age must be Lower 
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Permian. Resting upon the plant beds are some 50 
or 60 feet of shales with limestone intercalations ; they 
are crowded with Bryozea, the commonest form 
amongst which is Protoretopora ampla also found in 
the Fenestella-shales of Spiti, and they also contain 
Lyttonia and various species of Productus indicating 
the same horizon as the Productus Limestone of the 
Salt Range. 



Along the northern zone of the Himalaya, the equiv- 
alents of the Productus Series 
Permian fte^ Nortb- inc j uc j e two different facies : a 

more southerly coastal facies prin- 
cipally calcareous and shaly deposited near the border 
of the geosynclinal area, and a more northerly calca- 
reous facies deposited further from the coast The 
•coastal arenaceous facies is known as the Himalayan 
facies ; the northern calcareous development consti- 



Himalayan and Tibet- 
an facies. 



tutes the Tibetan facies, and has 
only been observed amongst the 



shattered stratified masses broken 



through by volcanic rocks of upper cretaceous age along 
the frontier between Tibet and Kumaon where one 



•observes a gigantic volcanic breccia in which the frag- 
ments vary from the size of mere pebbles to that of 
single rock masses of the size of mountains Two 
peaks, those of Chitichun I and Malla Sangchha consist 
•of a massive Permian limestone that has yielded a rich 
fossil fauna of Kalabagh age 

The Himalayan coastal facies has been observed 
all along the northern zone of the Himalaya. It con- 
stitutes the Ruling Series whose 
Killing Series. stratigraphical succession is very 
uniform. Its newest and most 



•constant member is constituted by the black ‘ ‘ Pro- 
ductus shales ’ ’ yarying in thickness from 150 to 250 
feet, whose age is Upper Permian. In Byans, in 
'Garhwal, in Niti, they rest directly upon the “ Muth 



i 
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quartzite ” which is probably of Silurian age ; but in 
the Lipak valley in Spiti, where the Carboniferous is. 
well represented, there are about 600 or 700 feet of 
strata conformably underlying the Productus Shales, 
and intervening between them and the undoubted car- 
boniferous. Above the “ Po Series ” of sandstones 
and shales, of undoubted carboniferous age, whose 
lower beds contain fossil plants of Culm facies there 
occurs a thickness of some 100 or 150 feet of shales with 
arenaceous intercalations known as the “ Fenestetta 
shales ” from the leading type of bryozoa which they 
contain; they also contain Protoretopora ampla, the 
leading fossil of the Protoretopora shales of the Zewan 
beds which perhaps belong to the same horizon. The 
Fenestdla shales are overlaid by some four hundred 
feet of unfossiliferous shales and sandstones passing 
upward into a conglomerate of small pebbles ; this is 
succeeded by about 120 feet of calcareous sandstone 
with a few fossils of Upper Permian facies. 
Fusulina-limestones of Upper Carboniferous or Per- 
mian age have been observed in 
Upper Carboniferous the Shan States of Burma. The 
Tmmn'udMi- Schwagerina beds of Tenasserim 
dBS * 4 ' 0 * associated with coal-seams are prob- 

ably Upper Carboniferous. Fusu- 
lina limestones have also been observed in the Pishin 
and Zhob district of Baltichistdn 
The equivalence of the Salt Range Permian com- 
pared with that of other countries and other parts of 
India is expressed m the following table : — 




MARINE REPRESENTATIVES OF 
THE TRIAS. 

The marine representatives of the Trias are superbly 
developed along the geosynclinal 

Tnassic Rocks, zone ot the northern Himalaya 
where a number of able scientists 
amongst whom special mention should be made of 
Stoliczka, Griesbach, Middlemiss, 

Tn “ ?I y l he Hima ' Diener - von Krafft and Hayden, 
have accomplished the most bril- 
liant geological work as yet achieved in India. 

The Permian of Kashmir is everywhere overlaid by 
triassic beds including all the sub-divisions of the system 
from lower to uppermost Trias. 

In the Salt Range, the Triassic system is reduced to 
the Lower Trias and the lower- 

TnaS Ranged Salt most zo ™ of the Middle Trias, 
but is distinguished by a richness 
in fossils unequalled in any other part of the world. 

In the Trans-Indus extension of the Salt Range, 
west of the Indus, the Trias grad- 
ually increases in thickness and 
includes representatives of the 
Upper Trias, while still further to the south-west, in 
the Zhob and Pishin districts of Baldchistdn, the 
system is represented by a vast thickness of slaty shales 
with thin seams of limestone in which only the Upper 
Trias has been identified. 

The same upper Triassic horizon assumes a very 
similar facies in the Arakan Yoma 

Tn “ Yoma Arftkan of Burma, that is the range of 
mountains situated west of the 
Irawaddi between that river and the Bay of Bengal. 



Trias of Balti- 
chist&u. 
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Carnic. 



Ammonite 

Zones 



Stratigrapkical 

succession. 



Approximate 
thickness in 
feet. 



Himalayan equiv; 
lents. 



Cnnoidal dolomite 



250’ 



9 Halcbia beds. 




Stephanie* 
l, superbus. 



Sandstone with bi- 
valves. 



30’ to zoo' 



Upper Ceratite 
limestone. 



9 Daonella beds an< 
beds with Spiri 
ferma, Strackcyx 

Hard nodular lime 
stone. 



f Flemingites. 
j Flemmgianus ; 



Upper Ceratite \ 
sandstone. I 




F } e\siingites 
rmdiatus . 



Ceratites 

normals. 



Proptychites 

tnlobutus. 



Proptychites 
LawrcHcianus . 



Stachella beds 

Lower Cerati te 
sandstone. 



Y 3 °* 






Ceratite marls 



so* to 30' 



Hedenso omit 
beds. 



1 Ophiceras, Priono- 
V lobus and Oto- 
I ceras beds. 



V Gyrwntes /requeue ; 



Lower Ceratite 
limestone. 



io* 



A feature of particular interest is the abundance of 
bdlerophons of the genus Stachella, representing strag- 
glers from the Palaeozoic fauna, in the midst of the 
Ceratite sandstone. 

In the Pishin and Zhob districts of Baluchistan, the 

u, eradUhw.. dark greetush ‘g re y slat y shales 

and intercalated thin runs of black 

limestone, amounting in thickness to several thousand 
feet that represent the Upper Trias, occupy a vast 
elliptic area about 70 miles in length from "east to west, 
by 12 miles in width. They rest upon fusulina lime- 
stone and appear to belong en- 

PrevaJet^of None tirdy ^ Noric sta g 6j the 

upper portion of the Upper Trias. 
They contain specimens of Monotis salinaria in great 
ab undan ce, and a few ammonoids belonging to the 
genera Didymites, Halorties and Rhaco-phyUites. 
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The Upper Trias is devd.oped in the Arakan Yoma 
with a very similar facies to that 
Tnas Yoma. Arakan of Balrichistan. According to Mr. 

Tipper, the fossils include Halobia 

and Monotis. 




MARINE EQUIVALENTS OF THE 
JURASSIC. 



The Tparirift Jurassic attains a vast development in 
India where it is represented by 

G pw^facies. nd two principal facies, the geosyn- 
clinal facies and the coastal facies. 
The geosyndinal facies is developed on a gigantic scale 
in Baliichist^n, in the Inner Himalaya, and north of 
the Himalaya in Tibet.' The fullest development of 
the coastal facies is in Kachh, in Rajputana, and in. 
the Salt Range, while marine intercalations are also, 
observed amidst the Upper Gondwanas of the east 
coast of the Peninsula 

In the Inner Himalaya of Spiti, Garhwal and 
Kumaon, the greater part of the Jurassic assumes the 
character of a massive limestone 2,000 or 3,000 feet 
m thickness, forming inaccessible cliffs. A similar 
calcareous development is observed along the outer zone 
of the Iranian arc in Baltichistin, a region where 
all the geological divisions from 

Calcareous facies _.. , , 

Jurassic to Okgocene exhibit a 
tendency to assu m e the shape of massive limestones, and 
which is, for this reason, known as the “ calcareous 
zone.” Beyond the Inner Himalaya, in Tibet, and 
beyond the calcareous zone of Baluchistan, in Afghan- 
istan, southern Seist^n and eastern Persia, the 
Sbaly fade*. constitution of the Jurassic becomes 
more varied and less exdusivdy 



calcareous. 

The Tibetan facies of the Lias as revealed by the 
blocks contained in the volcanic 
Tibeta n facie s °f the b recc j a 0 f Kiogarh five or six 

miles north-west of Chitichun, 
includes very earthy, brick-red, thin-bedded, nodular 
limestones, exhibiting the same lithological and 
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faunistic identity with certain Alpine facies of Europe, 
as in the case of the corresponding blocks of Hallstatt- 
like triassic marble. 

The geosynclinal and coastal facies of the Jurassic 
exhibit a curious instance of the compensations 
between marine regressions «r>^ 
unconformity. transgressions, such as have been 
advocated by Haug. The se- 
quence in the geosynclinal facies is invariably interrupt- 
ed by a stratigraphical gap at the Callovian, the series 
being resumed either with the Kimmeridge or the 
Neocomian with varying amounts of slight structural 
unconformity. The unconformable junction is invari- 
ably characterised by the presence of a ferruginous 
laterite. In the coastal facies of Kach and the Salt 
Range there are no marine representatives of the Tins, 
while the Middle Jurassic is poorly represented or 
absent, and the series acquires a decided marine 
character only with the Callovian precisely at the 
same horizon where the sequence in the geosynclinal 
facies is interrupted. 

In the Himalaya, the Callovian unconformity is suc- 
ceeded by the Spiti shales of Kimmeridge to Portland 
age passing conformably upward into the Neocomian 
Gieumal sandstone. In Baldchist^n, the Callovian 
is immediately succeeded by rocks of Neocomian age 
known as the * ‘ Belemnite Shales.” The transition 
between these two types of succession is observed in 
the mountains of Hazara, and is not gradual, but affects 
two parallel zones, a northern or rather north-westerly 
zone showing the Himalayan succession with the Spiti 
shales, and a south-easterly zone in which the Middle 
Jurassic is immediately succeeded by the Neocomian. 
The limit between these two types is so well defined 
that the Himalayan and Baltichist&n type of succes- 
sion are sometimes observed on opposite sides of the 
same strike valley. This abrupt transition suggests 

6 
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that the true explanation of the Callovian unconform- 
ity must he sought in an orogenic movement of 
moderate amplitude affecting precisely those struc- 
tural lines along which the Himalayan upheaval was 
to take place in Tertiary times. 

In the Inner or Northern Himalayan zone of Spiti, 
Garhwal and Kumaon, the Rhaetic, 
^as and Middle Jurassic axe re- 
presented by a vast thickness of 
2,000 feet or more of massive limestones constituting 
mural precipices too inaccessible for dose study. Their 
gradual passage downwards into the Upper Trias, and 
the presence of Callovian fossils in their uppermost'' 
layer indicate that they indude representatives of the 
Jurassic from the Rhaetic to the Callovian. 

The highest beds of the limestone immediately 

Suieaaitus beds. underlying the Spiti shales contain 
belemnites, bivalves, and brachio- 
pods of Callovian age. They are known as the Std- 
cacufus beds from the name of the prevailing bdem- 
nite, Belemnites sulcacidus, one of the group of bisulcati. 

Throughout the Inner Himalayan zone, and a part 
of Hazara, the uppermost Jurassic 
Spiti shales. stages assume the form of the 

well-known Spiti shales. In the Inner or Northern 
zone of the Himalaya, their thic kness varies from 500 
to 1,000 feet. In Hazara it dwindles to about 150 
feet. Their outcrop has been traced along the geosyn- 
dinal zone from the Yaru plain north of S ikkim 
through Nepal, Kumaon, Ngari Khorsum, Spiti, up to 
Kashmir and the western extension of the Himalayan 
axis in Hazara. The lithological character of the 
nocks never onoe varies throughout the enormous 
kwgth of this outcrop for about 1,000 miles. 

In tiie Himal aya the Spiti shales usually occupy a 
loftily-situated belt at an average altitude of 15,000 to 
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17,000 feet contrasting by its open character and 
gentle slopes with the gigantic precipices and narrow 
gorges which it overlooks on the southern side. 



Where fully developed, the Spiti shales indude three 
divisions which are, in ascending 
Sub-d msions of Spiti order, the Belemnites Gerardi beds, 
the Chidamu beds and the Locham- 
bel beds. The bulk of the formation consists of black 
or blue-black shales with calcareous concretions, each 
of which usually contains a beautifully preserved 
ammonite, or sometimes a fossil 
Belem °^ G erardl belonging to some other zoological 
group. The only exception is in 
the case of the Lower Spiti shales or Belemnites 
Gerardi beds which are of a grey colour and in which 
the concretions are unfossiliferous. The ammonites 
of the Middle Spiti shales or Chidamu beds belong 
principally to the genus Perisphinctes and also indude 
Oppelia, and, rarely, Lytoceras and Phylloceras. The 
_. .. Chidamu beds are of Kimmer- 

Chidamu oeas. 

idge age ; the underlying beds 
with Belemnites Gerardi may be also Kimmeridgian, 
or may reach downwards into the Sequanian. 



The Upper Spiti shales or Lochambd beds contain 

Lochambet beds. innumerable specimens of HopUtes 
and Holcostephanus. Their age is 
Portlandian including the Berriasian, and they pass 
conformably upwards into the overlying Gieumal 
sandstone of Neocomian age. 



In the calcareous zone of Baldchistin, the Lias 
(Lower Jurassic) consists of 3,000 
^ g^ tem or 4,000 feet of black limestones, 
some of them oolitic, others crin- 
and calcareous shales, with some highly fos- 
siliferous b awds , in which the principal sub-divisions of 
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the European series have been identified. They are 

succeeded by an equal thickness 

Liassic and Middle 0 f massive limestones of Middle 

Jurassic limestones. . , . , ...... 

Jurassic age, which constitute the 
Takht-i-Suleiman, the lofty peaks that surround 
Quetta, and other bulky mountains in the calcareous 
zone. This massive limestone is unconformably over- 
laid by the Lower Cretaceous, the Supra- Jurassic 
series being absent from Baluchistan. 



Where the series is most complete, the uppermost 
beds of the massive limestone be- 
Poiyphemus beds. come shghtly flaggy and contain 

fossils of Callovian age, especially huge specimens of 
Macrocephalites macrocephalus and M. Polyphemus, 
for which reason they are known as ‘ ' Polyphemus 
beds.’ ’ These are overlaid by the Neocomian or other 
stages of the Cretaceous, while elsewhere the Neoco- 



mian rests directly on various horizons of the massive 
Limestone or even on the Lias, the missing beds having 
either been denuded away during the interval between 
the Callovian unconformity and the Neocomian, or else 
never deposited. The unconformity is everywhere 

marked by a bed of laterite. 

East of the Irawaddi, as has already been mentioned, 
there is an almost complete ab- 
^Tof Aeul’JSddf. sence of »y representatives of 

the J urassic system, whether 

Marine or Continental, and it is evident that a large 
portion of Indo-China and Southern China must have 
remained dry land 'from early Jurassic times to the 
present day. Nevertheless there occur some instances 
of marine beds of Rhsetic which 
ind^ChinL 816 °* particular interest owing 

to their contemporaneity with the 
fluviatile beds of To nk i n containing Upper Gondwana 
coal-seams and a fossil flora consisting of plants of 
liassic facies with an admixture of Middle Gondwana 
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types. The latter element which is absent from the 
Rajmahal flora indicates that the Rhaetic plant-beds of 
Tonkin must be older than the Rajmahal beds, 
which, therefore, as mentioned in the chapter dealing 
with the Gondwana system, should be attributed to 
the Lias or Lower Oolite. 

The Rhaetic of the Northern Shan States consists of 



contorted calcareous shales which, 
Rhaetic^of the Shan maQ y 0 ther calcareous rocks 

of various ages in the Shan plateau, 
weather into a pale buff friable porous substance. It 
is only in this friable weathered form of the rock that 
the fossils become visible, usually as external casts, 
and their study is a work of considerable difficulty. 

The fossils, mainly lamellibranchs, collected by La 
. Touche and Datta, have been 

Rhsetic fauna, 

lately studied by Miss Healy 
{Palceontologia indica, New Series, Vol. II, Part 4, 1908), 
indude the characteristic Rhaetic forms Avicula 
contorta, Grammaiodon Lycettii and Gervillia precursor 
together with some unexpected survivors from the 
Palaeozoic, such as Conocardium, Modiolopsis and 
Palceoneilo. 

The bulk of the Indian Peninsula has remained a 
land area since Silurian times. 



Coastal facies of the its present limits were approxi- 
Turassic. The Coastal 

System. mately outlined in Jurassic times, 

and only along the coastal regions 
do we find marine sediments representing the traces 
of successive marine transgressions from Jurassic to 
Oligocene or Miocene and Pleistocene. These various 
beds are usually richly fossiliferous and consist of 
various detrital rocks, sandstones, days and lime- 
stones, and constitute a special group which may he 
designated as the Coastal System. The beds usually 
dip away from the higher land of the Peninsula and 
towards the coast, the newer formations being nearest 
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the coast. As a rule, their thickness is very moderate 
as compared with the enormous sedimentary accumu- 
lations of the geosynclines, and 
stratigraphy and dis- they generally occupy a narrow 
Systoon. n0ftheCoaStal belt in consequence of the rising 
dope of the Peninsular area at a 
short distance from the coast. Along the north- 
western margin of the Peninsula there is a large ex- 
panse of lowland over which the marine beds of the 
coastal system occupy a considerable area, especially 
in Western Rajputana where, however, they are largely 
concealed by pleistocene and recent alluvial deposits 
whose accumulation has been favoured by the same 
flatness of the land that accounts for the great devel- 
opment of the marine beds. 

The Salt Range, although its beds have been tilted 
at the time of the Himalayan upheaval, is not a typical 
geosyndinal area, and its mesozoic marine beds ex- 
hibit the coastal rather than the geosynclinal facies. 

In Kachh the Jurassics are developed on a scale of 
thickness quite unusual for the coastal system. This, 
however, does not indicate a geosyndine, but results 
horn a structure similar to that of the Gondwana ba- 



sins : the strata occupy a faulted trough tilted on one 
side, the general dip being southward, only the trough 
was invaded by the ocean instead of being merely 
filled up with fiuviatile deposits. 

It has already been mentioned that, in point of age. 



Jurassic of Kachh, 



the Jurassic beds of Kachh ex- 
hibit a curious contrast with 



those of the extra-peninsular region, the stages chiefly 
represented in the extra-peninsular being absent from 
Kachh, and vice versd . 

The system is represented in Kachh chiefly by the 
Upper Jurassic which passes conformably upwards 
into the Lower Cretaceous. The Jurassic and Lower 
Cretaceous include the following divisions : — 
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JURASSIC AND LOWER CRETACEOUS 
OF KACHH. 



Stratigraphical Succes- Approximate 

sion. thickness in Geological age* 

feet. 



/’Beds with Crioceras and\ 
| Acanthoceras . 1 



APTIAN. 



UMIA. 



Sandstones and shales with 
Cy cadets and other 

plants. 



3,ooo # 



Sandstones and conglo- 
mer ttes with marine 
fossils Pensphinctes eu 
dichotomus, P. f requests , 
T-rtgonitz Smeei, I\ 
k ventncosa , etc. . 

'Sandstones and shales with ’ 
Phylloceras piychoicum, 
Oppelta ir achy not us , 

Pensphinctes torquatus , 
P m Pottengen, etc. 



BARREMIAN. 



NEOCOMIAN. 

PORTLANDIAN. 



KIMMERIDGE. 



KATROL. 



Red ferruginous and yel 
low sandstones (Kantkot 
sandstones) with Steph /- 
noceras Maya , Asptdo 
ceras per arma turn y Per - 
isphmctes vtrguloides, P m 
„ letocymon . 



'Oolites (Dhosa oolite) with 
Stephartoceras potypke- 
mus ; Pensphinctes tndo • 
germ anus, A sptdoceras 
perannatum , .df. babea- 
num y Pettoceras arduen- 
nensts , etc. 



1000' 



5 ^ 



SEQUANIAN. 



OXFORDIAN. 



White limestones with 
Pettoceras athleta, Op- 
pelia bicostata , etc. 35' 



CHARI. h[ Shales with ferruginous 
nodules, with Pensphinc 
tes obtusicosta , A a»- 
ce/r, JHarpoceras lunula, 
Hm punctatum 3 etc. 



Shales with calcareous l 
bands and locally with f 
golden oolite : Uacro 

cephalitis macrocephalus 9 
Mm tumidus. Mm bulta- 
tus P Oppelta subcost trta y 
Pensphinctes funatus , 

V etc. 



iooo / 



\ 



ICAIXOVIAN. 
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JURASSIC AND LOWER CRETACEOUS 
OF KACHH. — Contd. 



Stratigraphical Succes- Approximate 

sion. thickness in Geological age. 

feet. 



PATCH AM. 



Light grey limestones, 
and marls with OppeUa 
serrtgera , Corals and 
Brachiopoda, etc. 



5co # 



Yellow sandstones and 
limestones, with 7>*- 
gortia Corbvlat, CucuJ- 
U<b 3 etc. 500' 



BATHONIAN. 



Neocomian age of 
the Umia flora. 



The Umia plant-beds whose intercalation between 
the uppermost Jurassic beds with 
numerous Trigoniae and the over- 
lying beds with Aptian ammon- 
ites establishes their Neocomian age, contain a rich 
fossil flora which agrees far less closely with the oolitic 
flora of Europe than the Upper Gondwana flora of un- 
doubted Jurassic age. A few fossil plants, including 
Upper Gondwana forms, associated with Umia forms, 
have been found in the Katrol stage, which is probably 
newer than the beds which have yielded the Upper 
Gondwana flora of the Peninsula. 




THE CRETACEOUS SYSTEM 



The Cretaceous system is represented on a very ex- 
tensive scale by a varied assemblage of marine, 
fluviatile, and volcanic rocks both in the Penin- 
sula and in the geosynclinal areas. In the geosynclinal 
regions it often attains a vast thickness, and both the 
Lower and Upper Cretaceous frequently assume the 
"flysch” facies of unfossiliferous, 
Fiysch facies of or nearly unfossiliferous calcareous 
Cretaceous. sandstones and greenish arenace- 
ous shales. 

Along the borders of the Peninsular area, the Upper 
Cretaceous enters largely into the 
Vv t5ouStS££ m constitution of the Coastal System, 
to which it contributes sediments 
deposited during the marine transgressions of that 
period, the remnants of which are scattered over the 
low-lying lands of many parts of the globe. The Ceno- 
manian transgression seems to have reached further 
into the low-lying districts of the Indian Peninsula 
than any of the preceding or succeeding ones. 

The dose of the Cretaceous coindded with volcanic 
eruptions on a gigantic scale in- 

Voicanic manifest*- dudmg the basaltic accumula- 
uo^nrmguppercre. ^ ons cons tituting the "Deccan 

Trap ” of the Peninsula, and a 
varied series of volcanic and intrusive rocks in the 
geosyndinal areas. 

The composition of the Cretaceous varies so much 
from place to place that it will be 
of G ^ nd Creucem» best to deal separately with the 
ffg ” 5 BaW ' successive regions along the geo- 
syndinal zone. In Baldchistin the 
system occupies an important position along the 
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calcareous zone where it consists mostly of lime- 
stones and shales except where the flysch fades 
predominates and the prevailing rocks become dark- 
greenish sandstone, and arenaceous shales of the same 
colour. 

The Neocomian, in its most typical and most com- 

Beieranite beds. P lete development, indudes two 
divisions, a lower one known as the 
“Belemnite beds,” and an upper one constituting 
the Parh limestones. The “Belemnite beds,” in 
their most characteristic form, are dark shales crowd- 
ed with belemnites amongst which one espedally 
notices the flattened forms of the genus Duvcdia. 

The overlying Parh limestones consist of very 

Parh limestones. distinctly and regularly bedded 
brilliantly white, purple-red, and 
purple porcellanoid limestones with an aggregate thick- 
ness that reaches sometimes 1,500 feet. They are 
sometimes associated with bright purple-red shales. 



The Parh limestones constitute a very conspicuous 
member of the calcareous zone from Gadani, 25 miles 
north-west of Karachi, up to Kelat and Quetta. West 
of Quetta their outcrop is continued into the Thai 
Chotiali, Pishin and Zhob districts. Rocks of the 
same type re-appear in the Arakan Yoma and the 
Andaman Islands. 



The Parh limestones are conformable to the Belem- 
nite beds and they both together constitute a single 
geological stage unconformably related both to the 
underlying Jurassic whose latest beds are Callovian 
and the overlying Upper Cretaceous which does not 
con t ai n any strath of earlier age than Campanian. 
The two sub-divisions of the Neocomian, Belemnite 
beds and Parh limestones, are often found in super- 
position, or else the state is represented solely by one 
or the other. 
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The Parh limestones often constitute a concentric 
ring of very steep ridges encircling the gigantic dome- 
shaped hills formed by the dome-like anticlines of the 
mass-'ve limestone of the Jurassic, the Bdemnite shales 
forming an intermediate circular valley. This con- 
centric disposition is very noticeable in an ordinary 
topographical map, while the dear red and white 
colours of the Parh limestones contrast curiously with 
the dark tinge of the huge limestone masses which 
they encirde. 

The lowest division of the Upper Cretaceous in the 
calcareous zone of Baluchistan and 
U oFa^53£!" Sind, in which latter province they 
are only developed in the Laki 
Range, is a group of limestones known as the Hemip- 
neustes beds, of Campanian or Lower Maestrichtian 
age (Lower or Middle zone of the Aturian or Upper 
Senonian) containing echinoids of the genera Hemip- 
neustes, Pyrina, Clypeolampas, Noethngia, and ammon- 
ites bdonging to Pachydiscus and other genera. For- 
aminifera of the genus Orbiioides are abundant, the 
lowest beds containing 0. media, while at higher 
horizons there occur O. HoUandi, O. socialis, and Ompha- 
locyclus macropora. The Hemipneustes beds are suc- 
ceeded by shaly beds usually unfossiliferous, but con- 
taining a band scarcdy six inches thick crowded with 
ammonites belonging to the genera 
The last ammonites. Indoceras, Sphenodiscus, Pachydis- 

cus, Sehluteria, B acuities . The commonest fossil is Cardiia 
subcom pianola. This is the newest ammonite zone yet 
observed in Northern India. The ammonite shales are 
followed by a great thickness of sandstones of flysch 
facies, often interbedded with volcanic material, known 
as the Pab sandstones. Usually 
The Pab sandstones. t ^ e p a b sand$tones’are very unfos- 
siliferous except for some carious markings fre- 
quently observed on the* upper bedding surfaces of the 
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shales and preserved as relief casts on the lower surfaces 
of bedding of the overlying sandstones. They belong 
to the class of structures that used to be known as the 
** flysch algae ” on the supposition that they were of 
_ , , vegetable origin, but have now 

been proved to represent tracks 
of animals such as shrimps or annelids. Neverthdess 
highly fossiliferous bands are occasionally associated 
with the Pab sandstones, especially in their upper 
zones, the commonest fossil being 
Cardita BeaumonU. The upper- 
most Cardita Beaumonti beds are 
probably of Danian age. 



The volcanic rocks associated with these uppermost 
cretaceous beds are the local re- 
Extra-Peninsuiar presentatives of the Deccan Trap 
Deccan Trap. of the Pemnsula. Only, instead 

of consisting almost entirdy of 
basic lavas, as in the case of the Deccan Trap, they 
consist largdy of submarine tuffs, and contain numer- 
ous andesitic and ryholitic as well as basaltic rocks. 
Large masses of red jasper are often devdoped in the 
submarine tuffs. Detached rock-specimens of this 
substance resemble the red jaspers of the Dharwar 
and Kadapah systems, but the rock occurs in the tuff 
as large irregular lumps, not in stratified layers. The 
volcanic rocks often assume the character of a breccia 
half intrusive, half extrusive, in which the induded 
blocks of all kinds and ages of sedimentary and crys- 
talline rocks vary from the size of a small pebble to that 
of an entire bill mass. Singular appearances are thus 
produced both in BaMchistin and in the Himalaya, 
_ . , , , the best-known example of which 
of Johar. is the great igneous mass contain- 

ing the * * exotic blocks ” of Johar 
on the Tibetan Frontier. Similar rocks occur in the 
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Upper Indus valley in Ladakh, and in the Porali 
valley which traverses in BaliSchistdn, the province of 
Jhalawan and the State of Las Bela. 

These intrusions often pass into gabbros and 
chrome-bearing serpentines. Some 

G ctomefYade.t“ e ’ ° f the lar g est masses of gabbro 
are those of the Zhob valley in 
gal iirhist i n. The same rocks are observed at many 
pW*. along the Inner or Northern zone of the Hima- 
laya, in Upper Burma, in the Arakan Yoma, and the 
Andaman Islands. Serpentinous rocks of this des- 
cription occurring in the Kachin Hills of Upper Burma 
are occasi onall y intersected by veins of jadeite, such 
as those worked in the famous jade mines of Tawmaw 
which have lately been geologically examined by Dr. 
Bleeck (Rec. G. S. I., Vol. XXXVI, page 254—284). 

Along the Inner or Northern Zone of the Himalaya, 
the Neocomian and Upper Creta- 

Cretaceous of the C eous both assume the flysch facies 
Himalaya. ..... . 

and pass upwards into the volcanic 
representatives of the Deccan Trap often represented 
by the singular breccia mentioned in the previous 
paragraphs. 

The total thickness, including the volcanic rocks, 
varies from 1,500 to 3,000 feet. 



A white fossiliferous limestone, some 150 to 500 feet 
thick, sometimes underlies the 
Chikkim limestone. IJpper Cretaceous flysch. It is 

known as the Chikkim limestone and probably corres- 
ponds with the Hemipneustes beds of Baltichist&n of 
Campanian age. 

In the Arakan Yoma and its southern continuation, 
the Andaman archipelago, the Cre- 



Cretaceous of the 
Arakan Yoma and the 
Andaman Islands. 



taceous includes the same stages 
as in Baltf christen with the same 
facies. The Parh limestones, the 



Upper Cretaceous flysch with the Cardita Beaumont* 
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beds, the tuffs, serpentines, jaspers and other volcanic 
rocks equivalent to the Deccan Trap, have all been 
identified. 

East of the Irawaddi there are no marine represent- 
atives of the Cretaceous. 



The lower marine strata of the Umia beds in Kachh 
which are partly of uppermost 
Jurassic age, but probably indude 
also some lowermost Cretaceous 
strata, are succeeded by the Umia 
plant beds whose age is probably 
Barrexnian. These are succeeded by the Upper Umia 
marine beds with ammonites of Aptian (Lower Green- 
up sand) age. These beds are said to 

be immediately succeeded by the 
uppermost Cretaceous Deccan Trap. 

The Umia beds are the only marine representatives 
of the typical Lower Cretaceous strata so far known 
in the Coastal System. 



The Cretaceous in 
the Coastal System. 

Lower Cretaceous 
of Kachh. 



The Albian or Gault entirely absent from the geosyn- 
clinal areas appears to be repre- 
sented in the Coastal System only 
by the lowermost beds of the Utatur stage of the Coro- 
mandel Cretaceous. 



Albina Stage. 



The Cenomanian feebly represented or absent from 
the geosyndinal zones exhibits, by 
manUn fraaspession. its widespread development in the 
Peninsular area, a marked contrast 
with these fragmentary occurrences of the Lower 
Cretaceous formations. The great Cenomanian trans- 
gression has had far-reaching effects in the Peninsular 
area. In certain instances, principally in the Narbada 
basin, its marine representatives extend to a consider- 
able distance inland, while in regions situated beyond 
the reach of the marine invasion, the marine strata 
pass into the estuarine and fluviatile deposits of the 
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rivers whose course was temporarily shortened by the 
encroachment of the sea-coast. 

In the Narbada valley the marine representatives of 
the Cenomanian are known as the 
Baghand Lameta beds. g a g^ beds. On the Coromattdd 

Coast they constitute the greater portion of the Utatur 
division of the Cretaceous. The* fluviatile representa- 
tives are known as the Lameta beds. 

Near the east coast of Southern India, from Pondi- 
cherri to Trichinopoli, one observes 
c r oroma“dei 0 Cosit. e a ver y fuU sequence of Upper Cre- 
taceous beds. The beds are prin- 
cipally shales and sandstones with some calcareous 
bands full of well preserved fossils that have been 
described in great detail by Forbes, 
Stratigraphy. Stoliczka and Kossmat. As is 

usual with the Coastal System, the strata dip at low 
angles towards the coast. There are three principal 
divisions, the Utatur, Trichinopoli, and Ariyalur. The 
Utatur consisting of fine silts, cal- 
careous shales, and sandy days, 
of ochreous tints, sometimes with a coral limestone 
at the base, contains over zoo species of ammonites 
distributed in three zones : the Schloenbachia beds 
with Schloenbachia inflata, Turr Hites Bergen, Hamites 
ormolus / the Acanthoceras beds with numerous species 
of Acanthoceras and with Turr Hites costatus ; and an 
upper zone with Acanthoceras conciliatum, and Nauti- 
lus Huxleyanus. These three divisions correspond 
respectively with the Gault, Cenomanian, and Toro- 



Utatur stage. 



The Trichinopoli beds of Lower Senonian age (with 
27 species of ammonites), consist- 

Trichinopoli stage. . - , , , t . , 

mg of sands, days and shingle 
beds intercalated with shell-limestones, largely used 
lor ornamental purposes, indude a lower division char- 
acterized by Pachydiscus peramphts, Protocardium 




( 96 ) 



HiUanum, etc., and an upper division with. Placenti- 
ceras TamtUicum, Heteroceras indicum, etc. 



The Ariyaiur, about 1,000 feet (300 metres) thick, 
consists chiefly of white sands and 
Anyaiur stage. green argillaceous sands, and is 

mostly unfossiliferous, except towards its lower and 
upper limits, where there are calcareous grits and 
shales full of fossils. The band at the base is especially 
fossiliferous and contains more than 50 species of am- 
monites belonging to the genera P achy discus, Baculites, 
Sphenodiscus, Desmoceras, etc., and numerous lamelli- 
branchiata and gastropods among which the Cypreidae 
and Volutidae are particularly well represented. 
The uppermost strata of the Ariyaiur are known as 
the Niniyur beds, and contain 
the characteristic Danian species 

Nautilus danicus. 



Niniyur beds. 



In the neighbourhood of Rajamahendri at the head 
of the Godavari delta, the Upper 
the Gondwanas are overlaid by a 50- 
foot thick band of sandstone, the 
uppermost part of which is calcareous and is crowded 
with Turritella and other shells, none of which have 
been identified. This band which perhaps corresponds 
with the Ariyaiur beds is overlaid by 100 to 200 feet of 
basalt of the Deccan Trap formation, in the midst of 
which are intercalated some thin bands containing a 
mixture of freshwater and marine shells, amongst 
which Physa Prinsepii, Cerithiutn Stoddardi, and Mor- 
gania fusiformis are especially interesting as indicating 
an Upper Maestrichtian to Danian horizon. The 
basalt is uncomfortably overlaid by the Rajamahendri 
beds, probably of oligocene age. 

At certain places along the southern border of the 
Shillong plateau, for instance the 
road to Cherra Poonjee, the creta- 
ceous is represented by sediments 
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recalling those of the Coromandel, like them they 
represent coastal deposits deposited during a marine 
transgression along the southern border of the Shillong 
plateau which was then, as to-day, a land area. 

Fossils have been recorded only on the road to 
Cherra Poonjee, principally at Tharia Ghat, and they 
are exclusively Upper Senonian forms very similar to 
those from the Ariyalur beds of the Coromandel Coast. 

The Cretaceous beds are overlaid by a varied series 
of Middle Eocene beds with coal-seams, some of which 
have been erroneously referred to the cretaceous 
period. 

The dose of the Cretaceous was marked in India by 
the gigantic volcanic outburst 

The Deccan Trap. that overwhelmed a large portion 

of the Peninsula with the vast accumulation of bedded 



basalts known as the Deccan Trap. The western part 
of the Peninsula north of latitude i6° is almost entirely 
occupied by this formation. It is also largely repre- 
sented in the extra-Peninsular geosyndinal areas by 
lavas, tuffs, and intrusive masses which have already 
been mentioned when dealing with those areas. 

The geological age of the Deccan Trap is established 
by the marine and freshwater 
Maestnchtian and fossils which abound in some of 



Daman age of Deccan 
Trap established by 
associated fossils. 



the intercalated 
in the Peninsular 



sediments both 
and extra-Penin- 



sular area. The rocks most usu- 



ally associated with the volcanics in the extra-Penin- 
sular area are the Pab sandstones induding the Cardita 
Beaumonii beds of Upper Maestrichtian to Daman 
age. The eruption has already commenced at the 
time of deposition of the underlying ammonite beds 
with Cardita subcomplanata. The fauna of the Cardita 
subcomplanata beds is mostly marine, but also indudes 
freshwater forms, the commonest of which is Physa 
Prinsepii, which is one of the most characteristic fossils 



7 
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of the freshwater intertrappeans of the Peninsula and 
of the fluvio-marine intertrappeans of Raj amahendri 
near the head of the Godavari delta. The latter also 
contain, as above mentioned, Centhium Stoddardi and 
Morgania fusiformis, both of which are common fossils 
of the Maestrichtian of Persia. 

The above fossil evidence clearly establishes the age 
of the Deccan Trap as Upper Maestrichtian to 
Danian. 

In the Peninsula the Deccan Trap formation con- 
sists almost entirely of superposed 
C ° DecSn Trap. the of basalt, sometimes reach- 

ing an enormous thickness as in 
the neighbourhood of Bombay where they must be 
accumulated to nearly 10,000 feet. The beds have 
been much cut up by denudation but are otherwise 
usually undisturbed and remarkably horizontal. Oc- 
casionally they are more or less tilted by disturbances 
which affected them subsequently to the dose of the 
volcanic era. For instance, there is a general gentle 
seaward dip at Bombay, while one also observes 
somewhat more abrupt disturbances along the west- 
ward continuation of the great boundary fault con- 
stituting the northern limit of the Satpura basin of 
Gondwanas, south of the Narbada, and also in the 
Rajpipla hills between the lower Narbada and lower 
Tapti. These disturbed areas are often those in which 
dykes are abundant and which correspond therefore 
with unstable fractured zones. 

In addition to these linear fissure-dykes there are 
some massive intrusions in Kachh 
Eiffioiite-s yen ite of Kathiawar. The great in- 

trusive mass constituting Giraar 
hill in Kathiawar is lithologically different from the 
usual basaltic rocks of the system ; it has been studied 
by Dr. Evans who recognised that it consists of 
elaeolite-syenite 
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Us ua lly the bedded rocks and the fissure-dykes of the 
Deccan Trap are ordinary heavy augite basalts or dol- 
^ erites in which olivine is rare or 

absent. Dacitic lava nows have 
been discovered by Mr. Fermor at Pawagarh hill in 
Gujrat. 

The Deccan Trap eruptions appear to have coincided 
with the final breaking-up of Gondwana-Land. 




THE EOCENE SYSTEM. 



If we represent on a map of India the various 
geological divisions so far described, we shall find that 
one of the three regional divisions of India, the Penin- 
snla, has now been completed except for some strips of 
tertiary and quartemary beds along the sea-coast and 
along the valleys of some of the great rivers, and a few 
tertiary exposures in Gujrat, Kathiawar, and Western 
Rajputana. Of the remaining paragraphs, those con- 
cerned with the quartemary era will deal principally 
with the third of the great regional divisions, the Indo- 
Gangetic plain, while those concerned with tertiary 
rocks will deal principally with the great mountain 
ranges of extra-peninsular India. 

With the end of the Cretaceous, the Mesozoic or 
secondary era came to a dose. The gap between 
Cretaceous and Tertiary, due to a universal temporary 
regression of the ocean, is just as pronounced in India 
as in any other part of the world. Even in Sind where 
the oldest Tertiary of India is met 

b w ef? P Crmceous with, both the uppermost Creta- 
and Tertiary. ceous and lowermost Tertiary are 

missing. 

The Eocene in India, as in other countries, includes 
the bulk of the nummulitic limestones. It indudes 

three prindpal divisions : the Rani- 

Rawkot series. kot> the Lald> ^ the Khirthar. 

The Ranikot, restricted to a comparatively small area 
in the province of Sind, indudes a lower division of 
fluviatile sandstones corresponding with the Woolwich 
and Reading beds, and an upper marine division con- 
temporaneous with the London Clay. The upper- 
most beds of the Upper Ranikot contain the earliest 
abundant nummulites belonging prindpally to the 
spedes N. flamdatus. 
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The Laki division exhibits either a shaly arenaceous 



Laki series with, 
coal-seams. 



or a calcareous facies according to 
various localities. Its character- 
istic nummulites are TV. atacicus 



and TV- (Assilina) granulosa . The Laki limestones 
abound also in foraminifera of the genus Alveolina . 
The Laki division is economically of great importance, 
containing as it does an important coal-bearing horizon 
m Baliichist^n, in the Punjab, and in Assam. 

The Khirthar consists largely of limestones which, 
in the range of that name along 
Khirthar senes. the Sind-Balilchistdn frontier, are 
as much as 3,000 feet thick. It contains the zones 
richest in nummulites amongst which may be men- 
tioned TV. Itzvigcdus , TV. perforatus , TV. gizehensis , As- 
silina spiv a. 

The upper beds of the Khirthar limestone contain 
TV. complanatus , the largest species of the genus. The 
Laki and Khirthar correspond with the Lutetian, that 
is, the Middle Eocene. The Bartonian (Upper Eocene) 
doubtfully present at the top of the Khirthar in the 
Mula Pass of Baliichist^n is certainly absent from all 
other exposures, there being a widespread unconform- 
ity between the Khirthar and the following beds of 
Oligocene age. 

Both the Laki and Khirthar are well developed in 
Kac hh , in the Salt Range, in the Arakan Yoma and 
in the Andaman Islands- The Laki is largely devel- 
oped in Western Rajputana. The nummulitics of 
Surat and of Assam and the Subathu group of the 
Simla region correspond with the Khirthar. 





THE PEGU OR MEKRAN (FLYSCH) SYSTEM. 



(i Oligocem and Lower Miocene.) 

The end of the Eocene coincides with the opening 
of the last and most important chapter of the geolog- 
ical history of India. The quiescent conditions that 
had lasted ever since the Upper Carboniferous now 
came to an end, and the earth’s crust entered into a 
renewed phase of disturbance. The enormous mas 
of sediments that had so quietly accumulated upon the 
gradually sinking floor of the Tethys was now power- 
fully compressed in a horizontal (tangential) direction, 
and was thrown into a succession of ridges, which 
became the great mountain ranges of the present day ; 
the Alps, the Pyrenees, the Himalaya. 



Three phases can be distinguished in this grand 
upheaval, one at the end of the 
Up SJ he Eocene, one in the Middle Miocene, 
and the last in the Middle or 
Upper Pliocene. The first upheaval, although it exten- 
sively folded the Eocene and underlying older strata, 
uplifting them in many regions into ranges of consid- 
erable altitude, was not nevertheless sufficient to 
obliterate the Tethys. This ocean still preserved its 
continuity ; the gradual subsidence of its floor, of which 
we have evidence from Upper Carboniferous to 
Eocene, still continued or even became accentuated, 
judging by the enormous thickness of sandstones and 
gritty shales all bearing evidence of deposition in 
rather shallow water that accumulated throughout the 
Oligocene. These dark grey or greenish shales and 
often calcareous sandstones are singularly uniform and 
monotonous in appearance, constituting the bulk of 
the great formation known as the “ flysch.” Beds 
of similar appearance had already 
been deposited in the same area 



The flysch* 
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during Eocene and even Cretaceous times, but it is 
during the Oligocene that most of the flysch was 
deposited. 

Towards the end of the Middle Miocene, a second 
orogenic phase still more powerful than the Upper 
Eocene one upheaved the flysch strata, folding them into 
innumerable corrugations, and the Tethys was cut up 
into a series of disconnected lagoons or inland seas 
which finally disappeared in the last great upheaval of 
Pliocene times. 



A homogeneous series of strata was thus formed 
resting unconformably upon the Eocene, and uncon - 
formably overlaid by the Upper Miocene and Pliocene. 
It constitutes the Pegu system of Burma, and the 
Mekran system of Baltichistin. 

The flysch facies of this system in Baliichistdn is 
known as the Kojak shales, an 
Kojaic shales. almost unfossiliferous formation, 

occasionally containing, however, fossiliferous bands 
with Nummulites intermedins, N . vascus, and other 
fossils of Oligocene age. 

In the neighbourhood of what was once the shore of 
the ocean in which the flysch was 
Smd C Sd n BJd?hf s tln. deposited, the sediments acquire 
a calcareous facies and become 
highly fossiliferous. In Smd and in Baldchistdn the 
fossiliferous facies is divided into three principal divi- 
sions, the Nari, Gaj, and Hinglaj. The Nari includes 
the Middle and part of the Upper Oligocene. Its 
lower division frequently consists of massive num- 
mulitic limestones resting with 
varying amounts of unconformity 
on the nummulitic limestones of Eocene age. It is 
the last horizon rich in large nummulites, principally 
N. intermedins and N. vascus, accompanied by lepido- 
cydines of the group of L. dtlataia. In the Upper 
Nari the foraminifera attain their highest develop- 



Nari series. 
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ment, the Burmese species L. TheobaMi Carter being 
as much as seven inches in diameter. Other charac- 
teristic Nari fossils are Monttivaltia Vignei, Breynia 
muUttuberculata, Eupatagus rostratus, Lucina colum- 
betta, Venus Aglaures. 

The Gaj consisting of shales and coral limestone 
is of uppermost Aquitanian age. 

Gaj senes. jt$ leading fossils are Lepidocy- 

chna mar gin at a, Breynia cannata, Eupatagus patellaris, 
Eckinolampas Jacquemonti, Vtcarya Vernemli. 



The Hinglaj series, well developed along the Mekran 
Coast, in the Persian Gulf Islands, 
Hinglaj senes. jrawaddi Valley and An- 

daman Islands, consists principally of days and sand- 
stones and conglomerates with a few calcareous bands. 
The characteristic foraminifera in Burma and the 



Andamans are Nummulites Niasi and Amphistegina 
Niasi. The Hinglaj series is mainly of Burdigalian age 
(Lower Miocene), the uppermost beds being perhaps 
Middle Miocene. These uppermost beds contain 
numerous large pectens, the commonest species being 
P. Vasseli. 



In the Bugti hills of Baltichistin the marine dement 
in the Nari beds become extremely 
Bogn Beds. reduced, and is only represented 
by a small thickness of brown arenaceous limestones 
with the characteristic nummulites and lepidocydines 
towards the base of the system. The overlying beds 
are fluviatile sandstones that have yielded a remark- 
able fauna of vertebrates of Aquitanian or Burdigalian 
age induding Anthracotherium and other interesting 
forms. They also contain freshwater mollusca, espe- 
cially ribbed spedes of Unto, such as Unto cardita, U. 
Vicaryt, and U. cardiiformis. 

These beds were for a long time confounded with the 
Lower Siwaliks which overlie them unconformably 
and are also fossiliferous. The stratigraphy and 
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Granitic intrusions. 



palaeontology of this interesting region have been 
unravelled by Mr. Pilgrim. 

Corresponding in age with a portion of the Pegu 
system are the great intrusions of 
granite, of diorite of augite-sye- 
nite, and of porphyries, that cut through the Eocene 
rocks of Bahichistin forming some of the highset hill 
ranges, such as the Ras Koh, the Khwaja Amran. Of 
the same«age are the Tertiary granites of the Northern 
Himalaya and of Tibet. 

Other products of this igneous activity are the petro- 
leum of Burma, Assam and the 

P a£ds u5h“ U ’ Punjab, and in all probability the 

salt-marl and salt deposits of the 
Salt Range, as well as many deposits of sulphur. The 
petroleum, owing to its inferior density as compared 
with water, has collected along the axes of anticlines 
in the Pegu system, wherever a layer of argillaceous 
rock has provided an impermeable roof. Gases have 
also collected along these anticlinal crests, and are apt 
to find their way to the surface through fissures, 
producing the mud-volcanoes that often rise along the 
outcrops of these anticlinal arches. There are four 
principal groups of mud-volcanoes, 
situated respectively along the 
Eastern and Western borders of the Arakan Yoma, 
in the Gomal Valley along the Afghan-B^luch Frontier, 
and along the Mekran Coast. 

In the Punjab, the equivalents of the Pegu system 
are known as the Murree beds; in 
the Himalaya as the Kasauli and 

Dagshai. 

The Cuddalore sandstones of the east coast of the 
Peninsula probably belong to this 
system. 



Mud-volcanoes. 



Murree beds. 



Cuddalore sandstones. 




THE SIWALIK SYSTEM. 

In India, there are no typical marine deposits other 
than pleistocene “raised-beaches” newer than the 
uppermost beds of the Pegu system. The main 
upheaval of the Himalaya and of the mountains of 
BaldchisUn and Burma took place during the Middle 
Miocene, after which nothing remained of the ocean that 
formerly occupied their site but a number of basins 
isolated from one another in which the strata known 
as Siwaliks (equivalent to the Manchhar beds of Sind, 
Irrawaddi beds of Burma, and Gobi beds of Central 
Asia), principally clays, sandstones and conglomerate 
were deposited. Like all inland seas, these basins 
were subjected to variations in their degree of saltness 
that were prejudicial to the development of aquatic 
organisms- Hence the remains of animals of this class 
are scanty. Some of the conglomerate beds, especi- 
ally in the Upper Siwaliks, are of fluviatile origin, and 
may be regarded as alluvial fans. 

The great thickness of the Siwalik formation, 
especially at the foot of the Himalaya, indicates a 
gradual deepening of the furrows in which they 
were deposited, somewhat analogous to the gradual 
subsidence indicated by the enormous thickness of 
the flysch. 

In Pliocene times, these beds were upheaved during 
the final phase of mountain-growth of the Himalaya, 
after which the only earth-movement that has taken 
place is a comparatively gentle warping that has affect- 
ed certain regions of Peninsular and extra-Peninsular 
India and of the Indo-Gangetic plain in Post-Pliocene 
times. In the Himalaya, the final upheaval was suffi- 
ciently violent to thrust the older rocks over the newer 
ones in a north to south direction, producing the 
structures known as thrust-planes. The structural 
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Siwalik fauna. 



peculiarities of the Outer Himalaya and sub-Hima- 
layan ranges have been elucidated principally in the 
works of Medlicott and of Middlemiss 

The chief interest of the Siwalik formation resides 
in the remains of extinct animals that have been made 
known to the scientific world through the researches of 
Cautley, Falconer, and Lydekker The bones and 
teeth of these animals are found principally in the 
conglomeratic layers at the base 
and at the top of the series. 
Those found at the base are of Upper Miocene 
(Pontian) age, and contain a fauna contemporaneous 
with that of Pikermi in Greece. Amongst the numerous 
extinct genera of this fauna may be mentioned 
Dinotherzum, Mastodon , Hipparion , Helladotherium , 
Hycenarctos. The upper conglomerates are of Pliocene 
age and contain the living genera Elephas , Equus, Ursus 
and many others, all of them represented, however, 
by extinct species. 

Owing to the abundance of silicified tree-trunks, 
the Siwaliks are sometimes spoken 
of as the <f fossil- wood-group. * ’ 

The Siwaliks constitute the southern fringe of the 
Himalaya, and are largely developed in the Punjab, 
in Baldchistan, in Assam, and in Burma. 



Fossil wood. 




THE QUATERNARY ERA. 



It is during the final Pliocene uplift that the Hima- 
laya and many of the most important ranges of the 
globe attained their maximum height. Since then 
denudation has gradually lowered their altitude. 
The growth of these numerous mountains caused a 
. remarkable change in the climati c 

Glacial Period. . 

conditions of the globe, and 
contributed to the extensive glaciation that has re- 
ceived the name of Glacial Period. 



The continental ice-sheets of high latitudes and the 
mountain glaciers advanced and retreated several 
times during the Glacial Period, these oscillations 
coinciding to a large extent with alternately moist and 
arid periods. The traces left by these changes of the 
degree of humidity constitute the principal record of 
the Glacial Period in countries nearer the Equator. 
The ultimate fate of all large continental areas has 
been the definite establishment of 

Gradual desiccation of _ • A ^ . ... 

the Asiatic continent. anc * desertic conditions through 

the gradual desiccation and filling 

up of the inland basins that still subsisted after the 

final Pliocene upheaval. 

Indications of the Glacial Period in the moun tains of 
Former greater ex- India have not been clearly recorded, 
3E.° f H,malayan the question having scarcely received 
any attention. 

The Himalayan glaciers were far more extensive during 
the Glacial Period than at the present day, though they 
still include some of the largest glaciers of the globe. 
According to R. D. Oldham’s investigations, there are 
indications of three great oscillations of the 
of the glaciers coinciding with some of the “ glaring 
and interglacials ’ ’ of the great ice-age in Europe, 
There are distinct indications, moreover, of the rapid 
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desiccation, since the termination of the Glacial Epoch 
of the countries forming the north-west portion of the 
Empire. This desiccation has become aggravated to 
a marked degree even during the historical penod 

It is not certain whether at the end of the Pliocene 
upheaval an arm of the sea still separated the Hima- 
laya from the Indian Peninsula, but if this were so, 
it soon became filled by the products of the disinte- 
gration of the Himalaya, and m this manner originated the 
great alluvial plain of the Ganges, 

G^esanuwum 6 which now lmks the Peninsula 
together with the Asiatic continent. 
The great depth of the Ganges alluvium, as revealed 
by borings, indicates that in its case also subsidence 
must have proceeded simultaneously with deposition. 

Except in the neighbourhood of the delta, the greater 
portion of the alluvial plain is above the level of the 
highest floods of the Ganges and its tributaries, 
indicating that this area has been upheaved, or that the 
delta region has been depressed within relatively 
recent times. The presence of a mass of ancient 
alluvium, known as the Madhupur jungle north of Dacca 
in the midst of the delta region, further indicates that 
a certain amount of disturbance must have occurred. 
The existence of ancient alluvial areas enclosed within 



rock basins along the course of some of the Peninsular 
rivers, such as the Narbada, Tapti and Godavari, points 
to the same conclusion, and it is evident that a certain 
amount of irregular warping has affected India in 
Pleistocene times. In consequence of these physical 
changes, the ancient alluvium and the one still in pro- 
cess of formation can be readily distinguished from 



Older and Newer 
alluvium. 



one another. They are known 
in the vernacular as ‘ ‘ blringar ' ’ 
and “khddar.” In geological age. 



they correspond with the two main divisions of the 
Quaternary era, the Pleistocene and Recent. The 
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Laterite. 



Pleistocene age of the bhdngar or older afiuvinm is 
dearly shown by the remains of numerous extinct 
animals , amongst which may be mentioned Elephas 
antiquus , a characteristic spedes of the Pleistocene of 
Europe, and various extinct species of horse, ox, 
rhinoceros, hippopotamus. Contemporaneous with 

Prehistoric man. these 316 the earliest remains of 
prehistoric man in the shape of stone 
implements belonging to the * ‘ Chellean * ’ or amyg- 
daloid type, the earliest type of the earlier stone age. 

Implements of the amygdaloid type have been found 
Laterite. embedded in “ laterite,” a ferru- 

ginous material, which is formed 
as a superficial alteration of rocks in regions subjected 
to “ monsoon ” conditions, that is, to alternately wet 
and dry seasons. The effect of lateritic weathering is 
to remove the silica of rocks, leaving a concretionary 
mass consisting of hydrates of iron, aluminium or man- 
ganese. The silica is redeposited over large areas as 
a jaspery layer often pseudomorphous after the rocks 
which it gradually replaces. These siliceous replace- 
ment rocks are often observed in the neighbourhood of 
extensive spreads of laterite. 

When the laterite is very free from silica and con- 
tains locally a large excess of the hydrates either of 
iron, alu m i n ium or manganese, it constitutes valuable 
ores of these metals. 



The laterite is largely of Pleistocene age, but some 
of it may still be forming at the present day, while there 
are important masses of the same material that were 
formed in Eocene or even earlier times. It has already 
been mentioned that stratigraphical breaks are often 
disclosed by a layer of laterite, indicating an interval 
of continental conditions. 



Some of the 
Raised beaches. 



<c raised beaches ** observed all round 
the coasts of India at altitudes of 
as much as ioo feet are probably 
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Pleistocene. The consolidated wind-blown calcareous 
sand largely made up of foraminiferal tests, which 
occurs along the coasts of the Arabian Sea and is largely 

Porbandar stone. used 35 a buildln g material under 
the name of Porbandar stone, is 
also probably Pleistocene. 

There are two regions of Pleistocene and Recent 
volcanic activity situated along lines of dislocation in 
the curved system of ranges on either side of the great 

Recent volcanoes. Himalayan “arc.” The eastern 
one situated in the “ Malay arc ” 
follows the inner or eastern side of the Arakan Yoma 
and its continuation the Andaman Islands, the best 
known volcanoes being Pupa, Narcondam Island, and 
Barren Island. 

The latter situated furthest from the Himalaya is 
the newest and only active cone of the series. 

Along the western or “ Iranian arc,” the largest 
volcano within the Indian Empire is the extinct Koh- 
i-Sultin, in the Nushki Desert. 

Here also the cones become newer as one recedes 
from the neighbourhood of the Himalaya : west of 
the Koh-i-Sultin, the Koh-i-Taftdn situated in Persia, 
is still active. All the above-mentioned volcanoes are 
andesitic. 

Oscillations of the relative sea-level during the 
Recent Period are indicated by such features as low- 
level raised beaches, the oyster-bed lately discovered 
in Calcutta, the submerged forests of Bombay and the 
East Coast. 

Numerous minor changes due to marine denudation, 
to fluvial sedimentation, to alterations in the course 
of rivers, earthquakes, landslips, the growth of deltas, 
cyclones, and other actual causes have been observed 
during the historical period. 
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